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UNITS AND CONVERSIONS

For the convenience of readers who prefer inch-pound units rather than 
the metric (International System) units used in this report, the following 
factors may be used.

Metric to inch-pound units Inch-pound to metric units

Length

1 meter (m) = 39.37 inches (in.) = 
3.28 feet = 1.09 yards

1 kilometer (km) = 1,000 m = 
0.62 mile

1 m2 = 10.758 ft 2

1 km2 = 0.386 mi 2

1 m3 = 35.31 ft3

Area

Volume

1 knT = 0.2399 miles

1 yard (yd) = 3 feet (ft) =
0.9144 (m) = 0.0009144 km

1 mile (mi) = 5,280 ft =
1,609 m = 1.609 km

1 ft 2 = 0.0929 m2

1 mi 2 = 2.59 km2

1 ft3 = 0.02832 m3 

1 mi 3 = 4.168 km3

Additional Abbreviations 

mg/L = milligrams per liter

National Geodetic Vertical Datum of 1929(NGVD of 1929): A geodetic datum 
derived from a general adjustment of the first-order level nets of both the 
United States and Canada, formerly called "Mean Sea Level."

VI



EVALUATION OF LIQUID WASTE-STORAGE POTENTIAL BASED ON POROSITY
DISTRIBUTION IN THE PALEOZOIC ROCKS IN CENTRAL AND

SOUTHERN PARTS OF THE APPALACHIAN BASIN

By Orville B. Lloyd, Jr., and Marjorie S. Reid

ABSTRACT

This report describes the subsurface distribution of reservoir units in 
rocks of Cambrian to Mississippian age in the central and southern parts of 
the Appalachian Plateaus province and evaluates their potential for storage 
of 1iquid waste.

A potential subsurface reservoir for liquid waste should include the 
following four characteristics: 1) a significant volume of porous and 
permeable reservoir rock; 2) surrounding rocks that can prevent escape of 
waste fluid from reservoir rock; 3) isolation from potable ground water and 
from the surface environment; and 4) economically feasible drilling depths. 
The criteria used in this report to determine whether or not these 
characteristics occur at any site are as follows: 1) Five-percent porosity 
is the minimum for reservoir rock (sandstone, dolomite, or limestone) and 
the volume is significant only when the aggregate thickness of the reservoir 
rock equals or exceeds 7.5 meters within a 75-meter interval. Rocks that 
meet these requirements are called potential reservoir intervals. 2) At 
least 30 meters of confining rock (shale, or evaporite, or some rock with 
less than 5-percent porosity) should overlie and underlie the reservoir 
rock. Rocks that meet these requirements are called potential confining 
intervals. 3) If the top of the reservoir rock is at least 300 meters below 
the National Geodetic Vertical Datum of 1929 (NGVD of 1929), it is 
considered to be far enough below any potable water supply to preclude 
accidental penetration by water-well drilling. 4) Rocks more than 2,500 
meters below NGVD of 1929 are considered to be too deep for economical use 
as reservoir rock.

Potential reservoir intervals and potential confining intervals 
established using these criteria are grouped into six major potential 
reservoir units composed of dolomite, limestone, and sandstone, and seven 
major confining units mainly composed of shale, siltstone, and shaly 
limestone or dolomite.

Major reservoir units cover a median area of 79,450 square kilometers 
(about one half of the study area), and have a median average area-weighted 
thickness of 172 meters, of which an estimated 4.5 percent contains 
potential reservoir rock with a median average thickness-weighted porosity 
of 8 percent. The median altitude of the top of the potential reservoir 
intervals is about 1,290 meters below NGVD of 1929. The median of the area- 
weighted thickness of overlying potential confining units is 180 meters.

Areas of oil and gas resources, oil and gas wells, faults, tight folds, 
extensive fracture systems, seismic activity and the potential for the 
development of hydraulically induced vertical fractures need to be avoided 
when subsurface space is considered for injection and storage of liquid 
waste.
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INTRODUCTION

Large and increasing volumes of waste are produced annually by our 
highly-industrialized society. The disposal of these wastes in the past has 
caused many serious environmental problems that have prompted the search for 
waste-management practices that will have the least impact on our 
environment. As part of this search, the U.S. Geological Survey has made a 
number of investigations of subsurface rocks to evaluate their potential to 
accept and store liquid wastes. This report is the result of one of these 
investigations. As stated by Brown and others (1979), "the U.S. Geological 
Survey does not advocate that waste be stored in the subsurface, but it does 
recognize that, in some cases, injection of industrial wastes may be the 
most environmentally acceptable alternative available to a waste generator 
or regulator."

The Appalachian basin was selected for investigation because its rocks 
have potential for the storage of waste based upon recognized permeability 
and porosity distribution patterns determined from drilling to evaluate the 
hydrocarbon potential of the basin.

The purpose of this report is to describe the spatial distribution and 
physical characteristics of the rocks in the central and southern parts of 
the Appalachian basin with regard to their potential as reservoir or 
confining units for liquid waste. Available published and unpublished 
geologic, geophysical, hydrologic, and water-quality data were used to 
describe the reservoir and confining-unit potential of the rocks. The data 
are derived primarily from deep oil- and gas-test wells drilled throughout 
the study area.

The study area includes parts of Kentucky, Maryland, Ohio, 
Pennsylvania, Tennessee, Virginia, and West Virginia and encompasses about
162,000 km2 (fig. 1).

Much useful information was derived from previous work regarding the 
subsurface disposal of liquid wastes in the area. Col ton (1961) presented a 
geologic summary of the entire Appalachian basin and described potential 
reservoirs for the disposal of liquid radioactive waste primarily on the 
basis of lithology. The process of, requirements for, and feasibility of 
subsurface liquid-waste disposal are described for Pennsylvania by Rudd 
(1972) and for Ohio by Clifford (1975).

Clifford (1975) also describes some case histories of liquid-waste 
disposal wells in Ohio. The Ohio River Valley Water Sanitation Commission 
(1976) has published a registry of wells used for underground injection of 
wastewater and an evaluation of the basal sandstone of Cambrian age as a 
wastewater injection interval in the Ohio River Valley region.

A potential subsurface reservoir for liquid waste should include the 
following characteristics: 1) a significant volume of porous and permeable 
reservoir rock containing nonpotable water; 2) surrounding rocks that can 
prevent escape of waste fluid from the reservoir rock; 3) isolation from the 
surface environment and from potable ground water; and 4) economically
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feasible drilling depths. The criteria used in this report to determine 
whether or not these characteristics occur at any site are as follows: 1) 
Five-percent porosity was selected as the minimum for reservoir rock 
(sandstone, dolomite, or limestone), and the volume is considered to be 
significant only when the aggregate thickness of the reservoir rock equals 
or exceeds 7.5 meters (m) within a 75 m interval. Rocks that meet these 
requirements are defined as potential reservoir intervals in this report. 
2) At least 30 m of confining rock (shale or evaporite or some rock with 
less than 5-percent porosity) should overlie and underlie the reservoir 
rock. Rocks that meet these requirements are defined as potential confining 
intervals in this report. 3) If the top of the reservoir rock is 300 m or 
more below NGVD of 1929, the reservoir generally contains nonusable ground 
water and is considered to be far enough below any potable water supply to 
preclude accidental penetration by water-well drilling. Nonusable ground 
water is defined as ground water that contains more than 10,000 milligrams 
per liter (mg/L) dissolved solids (Brown and others, 1979). 4) Rocks more 
than 2,500 m below NGVD of 1929 are considered to be economically unsuitable 
for liquid-waste storage because of well-construction and operational costs. 
In addition, very little data are available for rocks more than 2,500 m 
below NGVD of 1929 in the study area.

Thus, the potential liquid-waste-storage reservoir environment in the 
study area can be defined as:

A sandstone, dolomite, or limestone layer containing nonpotable 
water that lies between about 300 m and 2,500 m below NGVD of 1929 
and contains at least 7.5 m of rock with at least 5-percent 
porosity in a 75 m interval (potential reservoir interval) and is 
overlain and underlain by at least 30 consecutive meters of shale 
or evaporite or some rock with less than 5-percent porosity 
(potential confining interval).

Potential reservoir intervals and potential confining intervals 
established in the study basin using this definition are grouped into six 
major potential reservoir units and seven major potential confining units.

Many thanks are due Philip M. Brown for his continued interest, support 
and encouragement, and critical review of the manuscript even after his 
retirement from the U.S. Geological Survey.

The Geological Surveys of Kentucky, Maryland, Ohio, Pennsylvania, 
Tennessee, Virginia, and West Virginia, the Susquehanna River Basin 
Commission, and the Columbia Gas Corporation provided basic well data and 
other geologic and hydrologic information used in preparing this report. In 
addition, Dr. Dennis A. Hodge, State University of New York, Buffalo, New 
York, provided a preliminary gravity map of West Virginia.

METHODS OF INVESTIGATION

Geologic and hydrologic data from about 550 deep wells that have broad 
area! distribution were used in this study. The wells were drilled as oil 
and gas tests. Some were completed as production wells, but most were



nonproducers that were plugged and abandoned. Well-completion reports, 
lithologic logs, sample descriptions, geophysical logs, water-quality 
reports, and other available and pertinent data obtained for individual 
wells were analyzed and synthesized during the investigation. Two hundred 
and eighty-five wells were selected as a key-well network for the area of 
study (fig.2). The number of wells selected from a State is approximately 
proportional to the number of square miles in that State that are included 
in the study area. Data for these wells are shown in table 1 (in back of 
report). The data sets for these key wells were the most complete available 
and provide a representative sample of the subsurface geology in the area. 
The basic well data were obtained from commercial well-data companies, oil 
and gas companies, and pertinent State geological surveys.

The data used to correlate and map the altitudes of the tops and 
thicknesses of the geologic and hydrologic units were derived from 
geophysical and lithologic logs. In addition, data from geophysical logs of 
neutron porosity, bulk density, sonic travel time, gamma radiation, 
spontaneous potential, and resistivity were used to estimate rock porosity 
and the quality of water contained by the rocks (Schlumberger Well Surveying 
Corporation, 1958, 1962; Turcan, 1966; Brown, 1971; Schlumberger Limited, 
1972, 1974, 1977; Seismograph Service Corporation, 1973; Hilchie, 1978, 
1979; MacCary, 1978, 1980). Wherever possible, cross plots of multiple 
geophysical logs denoting rock porosity were used to help verify the 
lithology and estimated porosity of the intervals studied. The 
concentration of dissolved solids, expressed as sodium chloride in 
milligrams per liter (mg/L), was claculated for water contained in the most 
porous and permeable rocks found in the upper part of the sedimentary 
section (table 2, in back of report). In addition, total dissolved-solids 
data were obtained from over 300 published brine analyses and water-quality 
reports and maps (Stout and other, 1932; Price and others, 1937; Hoskins, 
1949; Lamborn, 1952; McGrain, 1953; Poth, 1962; Hopkins, 1963, 1966; Price, 
1964; and Forster, 1980).

For the purposes of this study, porosity data for sandstone, dolomite, 
and limestone (the most common reservoir rocks for hydrocarbons in the study 
area) were used as the major indicator of reservoir porosity. Porosity data 
were used instead of permeability data because available porosity data are 
abundant, and available permeability data are scarce and spotty by 
comparison. This approach is based on accounts of a gross correlation 
between the porosity and permeability of carbonate- and sandstone-reservoir 
rocks (Archie, 1952, p. 278-298; Levorsen, 1958, p. 128-130). In general, 
for any given reservoir rock, the log of permeability increased with an 
increase in percent porosity. Lack of data precludes establishing a 
quantitative relation between porosity and permeability for the reservoir 
units throughout the study area. Therefore, the results of this study 
should be viewed only as a first approximation of evaluating the liquid- 
waste-storage potential of the rocks in the area.

The characteristics that were compiled for the potential reservoir 
intervals during the investigation of the geophysical logs of the key wells 
are (1) altitude of the top, (2) thickness, and (3) dominant rock type or 
lithology. Also, (4) individual thickness, (5) aggregate thickness, and (6)



average thickness-weighted porosity were compiled for the small zones that 
constitute the reservoir porosity within the intervals. In addition, data 
were compiled on (7) the thickness and (8) lithology of the confining beds 
found above and below the potential reservoir intervals. These data are 
shown in table 3 (in back of report). Some of the characteristics and 
typical relationships of the individual rock zones with at least 5-percent 
porosity and potential reservoir and confining intervals are shown in figure 
3. The individual rock zones with at least 5-percent porosity are also 
called reservoir-type zones in this report.

The data for each of the characteristics (except lithology) were ranked 
according to size and the median value was used as a measure of the central 
value for each data set. The median is defined as the middle item of a 
group of items (two or more in this report) that are arranged according to 
size. With an even number of items, the midpoint is the arithmetic mean of 
the two central items.

In the case of unit thickness and reservoir porosity, appropriate 
averages were used to weight the data with regard to area and thickness, 
respectively. The average thickness-weighted porosity of the individual 
porous zones within any potential reservoir interval was obtained by 
multiplying the thickness and the porosity of each individual porous zone, 
summing the products and dividing this sum by the aggregate thickness of the 
individual porous zones. For example, in figure 3 the sum of the products 
of thickness and porosity for each individual porous zone is 155, and the 
average thickness-weighted porosity is 155 divided by 16 (the aggregate 
thickness of the individual porous zones) or about 9.7 percent. Where a 
number of such values comprised a data set, the median was used to describe 
the central value of the set and is called the median average thickness- 
weighted porosity in this report.

Average area-weighted thickness for any unit was obtained by preparing 
a thickness contour map of the unit and estimating the average thickness of 
an area between two consecutive thickness contours. This value was then 
multiplied by the proportionate part of the total area of the unit for which 
this average thickness was representative. The measurements of area were 
made with a polar planimeter. Such products were calculated for each 
contour interval until the entire unit area was completed, and the products 
were summed to obtain the average area-weighted thickness of the unit.

The sedimentary section was divided into six potential reservoir units 
that are designated A through F, oldest through youngest, respectively. 
These units are successively underlain and overlain by seven potential 
confining units that are designated Basal, A-B, B-C, C-D, D-E, E-F, and 
above F, oldest through youngest, respectively.

GENERAL GEOLOGY

The geologic formations that include the potential reservoir and 
confining units in the study area are shown in table 4. These rocks are 
part of one of the most studied sedimentary basins in the world.
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Consequently, an extensive literature has been written about the 
sedimentary, stratigraphic, structural, and tectonic history of the rocks. 
Colton (1961) and Dennison (1978) give reviews of the basin geology and 
present lists of many of the important reference works. Additional 
references are listed throughout this report.

The consolidated sedimentary rocks in the study area range from 
Cambrian to Permian in age. They form a sediment mass composed of 
sandstone, siltstone, shale, limestone, dolomite, salt, and anhydrite that 
rests on a basement of Precambrian igneous and metamorphic rocks. The 
Permian rocks occur at the surface in the north-central part of the area 
and, generally, are rimmed by successively older rocks on the northwest, 
east, and southeast, defining a northeast plunging synclinorium (fig. 4). 
The total thickness of the sedimentary mass in the study area is estimated 
to range from about 1,500 to 11,000 m or more.

Unconsolidated deposits of Quaternary age directly overlie some of the 
consolidated sedimentary rocks of Devonian, Mississippian, Pennsylvania^, 
and Permian age in the central and northwestern part of the study area (fig. 
4). These unconsolidated deposits are saturated with freshwater and, 
therefore, are excluded on the correlation chart (table 4) and from further 
discussion in this report.

The eastern and northeastern boundary of the study area is marked by 
rocks that dip steeply in rather closely spaced anticlines and synclines 
which mirror the structure of the adjacent Valley and Ridge province. On 
the southeastern boundary of the study area, Cambrian clastic and carbonate 
rocks are exposed at the surface between thrust faults that are located 
southeast of the Pine Mountain thrust (Harris and Milici, 1977). The trace 
of the Pine Mountain and associated thrust faults marks the southeastern 
boundary of the study area (fig. 4).

The rocks have been disrupted in the west-central part of the area by 
regionally extensive, east and northeast-trending high-angle faults that 
have been mapped as the Irvine-Paint Creek and Kentucky River fault systems. 
Analysis of data from oil- and gas-test wells suggest that these faults 
bound parts of a deep sedimentary trough, the Rome trough, and are vertical 
extensions of block faults in the basement. The basement faults bound a 
series of grabens, half grabens, and horsts (Harris, 1975), that have 
exerted a major control on the lithology and the thickness and distribution 
of the Lower Cambrian to Lower Ordovician rocks deposited within and on the 
flanks of the Rome trough (Dever and others, 1977). Although the dominant 
component of movement in the sedimentary rocks appears to be vertical, an 
analysis of fracture patterns recognized in Ordovician rocks of the Kentucky 
River fault system suggests that some lateral movement has occurred. As 
much as 80 km of right-lateral displacement has been proposed for the 
igneous and metamorphic rocks in the basement (Dever and others, 1977).

Figure 5 shows a diagrammatic representation of the relation between 
the sedimentary rock systems in the study area and the potential reservoir 
and confining units and also displays some typical geophysical log responses 
for these units. The general distribution of the sedimentary rock systems 
and the potential reservoir and confining units mapped in the subsurface in 
the study area are shown in figures 6-10.
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DISTRIBUTION OF ESTIMATED POTENTIAL WASTE-STORAGE ENVIRONMENT 

Potential Reservoir and Confining Units

The distribution and characteristics of each potential reservoir and 
confining unit are described and illustrated from oldest to youngest in this 
section. The descriptions are mainly limited to those parts of the units 
lying between 300 and 2,500 m below NGVD of 1929. The discussion of the 
confining units includes the identification of rock types and names of the 
formations or parts of formations that comprise the units. Maps of the 
distribution and thickness of the confining units, with the exception of the 
Basal Confining Unit, are included. A map showing the general altitude of 
the top of the Precambrian basement complex defines the top of the Basal 
Confining Unit.

Discussion of each reservoir unit includes identification of rock types 
and names of component formations. Maps are presented showing (1) the 
distribution and altitude of the unit top, and (2) unit thickness and the 
distribution of identified potential reservoir porosity. Other mappable 
features associated with the porosity distribution within some of the 
reservoir units, such as the occurrence of porosity in Reservoir Unit B near 
the erosional surface and developed on the Cambrian and Ordovician Knox 
Group commonly known as the Knox unconformity, are described and illustrated 
where appropriate. In addition, the characteristics of the potential 
reservoir intervals, reservoir-type zones, and potential confining intervals 
are discussed by State. This State by State discussion was pursued to 
enhance the usefulness of the report on a more local scale.

The data for the statistical summaries given by State in the following 
discussions and by reservoir unit for the entire area in table 5 were 
derived from table 3.

Basal Confining Unit

The Basal Confining Unit is comprised of igneous and metamorphic rocks 
of Precambrian age that constitute the basement complex upon which the 
younger sedimentary rocks were deposited. The altitude of the top of this 
unit ranges from about 1,000 m below NGVD of 1929 in central Ohio to 10,000 
m or more below NGVD of 1929 in southwestern Pennsylvania (Harris, 1975; 
Cardwell, 1977a). The top of this confining unit is deeper than about 2,500 
m below NGVD of 1929 in the eastern two-thirds of the study area (fig. 11).

Reservoir Unit A

Reservoir Unit A overlies Precambrian basement rocks and is confined to 
the subsurface throughout the study area. The lower part of this unit is 
composed primarily of fine- to coarse-grained quartz sandstone that contains 
varying amounts of silt and clay throughout, and orthoclase feldspar near 
the base. Some shale, siltstone, and carbonate beds are often intercalated 
with the sandstone. These rocks comprise the Lower Cambrian part of the 
Chilhowee Group in Tennessee, the basal sandstone (Early Cambrian) in 
Kentucky, and the Mount Simon Sandstone (Late Cambrian) in Ohio.

10



and rock with confining potential for reservoir units

Intervals

Potential Reservoir Intervals

Altitude of interval tops
Number of data items
Median value, in meters below NGVD of 1929
Range of values, in meters below NGVD of 1929

Thickness of intervals
Number of data items
Median value, in meters
Range of values, in meters

Dominant rock types comprising intervals
Number of data items
Sandstone, in percent
Limestone, in percent
Dolomite, in percent

Individual Reservoir-Type Porous Zones Comprising Intervals

Median thickness of individual zones by interval
Number of data items
Median value, in meters
Range of values, in meters

Aggregate thickness of individual zones by interval
Number of data items
Median value, in meters
Range of values, in meters

Median porosity of individual zones by interval
Number of data items
Median value, in percent
Range of values, in percent

Average thickness-weighted porosity of individual
zones by interval
Number of data items
Median value, in percent
Range of values, in percent

Confining Rock Above Intervals

Thickness
Number of data items
Median value, in meters
Range of values, in meters

Rock type
Number of data items
Shale, in percent
Siltstone, in percent
Sandstone, in percent
Limestone, in percent
Dolomite, in percent
Anhydrite, in percent
Salt, in percent

Confining Rock Below Intervals

Thickness
Number of data items
Median value, in meters
Range of values, in meters

Rock type
Number of data items
Shale, in percent
Siltstone, in percent
Sandstone, in percent
Limestone, in percent
Dolomite, in percent
Anhydrite, in percent
Salt, in percent
Basement complex rocks, in percent.

Potential reservoir units

A

32
1,260

1,026-2,145

31
23

8-402

39
74
8

IB

26
2

0.9-9

32
12

8-149

20
8

5-16

>

32
8

6-17

31
156

33-774

51
37
8
2

12
41
-
-

29
1 to basement

30-254 to
basement

35
6
9

14
-

14
-
-

57

B

64
1,224

486-2,353

60
82

12-388

71
18
3

79

63
1.2

0.6-4

64
18

8-122

63
6

5-12

64
7

6-14

64
66

31-664

78
14
-
-

50
36
-
-

55
64

33-325

79
22

1
3

13
61
-
-
-

C

7
1,473

807-1,813

7
18

8-35

7
100
-
-

6
4

0.9-8

7
12

8-21

0
0

5-10

7
7

5-H

7
96

73-148

10
70 -
-
-
-

30
-
-

5
586

308-789

9
56
-
-

44
-
-
-
-

D

51
1,411

315-2,327

49
66

10-239

61
24
31
45

51
1.2

0.6-5

51
13

8-78

51
6

5-12

51
7

5-12

45
157

31-1,551

82
38
13
-

15
22
7
5

43
80

40-1,036

85
27
1
5

24
28
7
8
-

E

3
263

227-312

3
69

27-126

4
100
-
-

3
1.8

1.5-2.4

3
13

12-23

3
9

7-10

3
9

9-11

2
134

119-148

5
60
40
-
-
-
-
-

3
217

213-276

4
75
25
-
-
-
-
-
-

F

9
388

313-481

9
59

9-115

' 9

33
67
-

6
1.7

0.9-4

9
12

8-31

6
6

5-10

9
5

5-10

9
64

31-187

16
37
25
19
19
-
-
-

8
100

30-287

16
31
25
7

37
-
-
-
-
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Figure 11. Approximate altitude of the top of the Precambrian basement rocks.
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The upper part of Unit A is composed of carbonates and sandstones of 
the Lower Cambrian part of the Rome Formation and its younger 
lithostratigraphic equivalents in Ohio (Janssen, 1973). Harris (1964) 
states that the Rome Formation rises time-stratigraphically toward the 
northwest in Kentucky, and Janssen (1973) indicates it is part of the Upper 
Cambrian Series in Ohio. Analysis of data from geophysical and lithologic 
logs of key wells indicates that the basal sands are separated from the Rome 
Formation by a wedge of siltstones and shales in the east-central part of 
Kentucky.

The top of Unit A occurs at depths greater than 300 m below NGVD of 
1929 throughout the study area. It is about 900 m below NGVD of 1929 at the 
shallowest occurrence along the west boundary in central Ohio and 2,500 m 
below NGVD of 1929 east of a line drawn from central Columbiana County, 
Ohio, to central Bell County, Kentucky. In addition, it is deeper than 
2,500 m in a small area that centers around parts of Clay, Jackson, Laurel, 
and Owsley Counties, Kentucky (fig. 12). Here the top is estimated to be 
deeper than in the adjacent areas because the upper part of this section is 
composed of fine-grained sediments that are mapped as part of the overlying 
confining unit.

In the area where Unit A occurs between 300 m and 2,500 m below NGVD of 
1929, its thickness ranges from less than 50 m in the southwestern part of 
the area, from Pulaski County, Kentucky, to DeKalb and Warren Counties, 
Tennessee, to more than 700 m in Johnson County, Kentucky. The thickest 
parts of Unit A are bounded on the north and south by faults associated with 
the Kentucky River fault system and the Irvine-Paint Creek fault system, 
respectively, indicating these rocks were deposited in a graben. North of 
this faulted area the average thickness of the unit is about 175 m, and to 
the south it is estimated to be about 75 m (fig. 13). The overall average 
area-weighted thickness is 144 m. Hydrogeologic sections displaying the 
depth to and thickness of Unit A, and its relation to the other rocks, are 
shown in figures 6 through 10.

Potential reservoir intervals were identified in Unit A in 28 key wells 
where both the top of the intervals and the top of the unit lie between 300 
m and 2,500 m below NGVD of 1929 in the study area. Thirteen wells are 
located in Kentucky, 13 in Ohio, and 2 in Tennessee (figs. 12 and 13, and 
table 3). A summary of some of the characteristics and distribution of the 
reservoir porosity found in Unit A is given in table 5.

Data from the wells in Kentucky indicate about 75 percent of the 
potential reservoir intervals occur in the basal sandstones and 25 percent 
are found in the Rome Formation. Eighty-four percent of the intervals are 
found in sandstone and the remainder are in dolomite and limestone. The 
median altitude of the top of potential reservoir intervals is about 1,220 m 
below NGVD of 1929, and their median thickness is about 25 m. Two intervals 
occur in two of the 13 wells where reservoir porosity was identified, and 
one interval occurs in the remaining wells. When evaluated by interval, the 
median thicknesses of the reservoir-type zones have a median value of 2 m; 
the aggregate thicknesses of the zones have a median value of about 12 m; 
the median porosities of the zones range from 6 to 10 percent; and the
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average thickness-weighted porosities have a median value of 8 percent 
(table 3). The median thickness of confining intervals that immediately 
overlie and underlie the potential reservoir intervals is 190 m and less 
than 1 m to basement rock, respectively. The dominant lithologies 
constituting the overlying confining rocks are shales and carbonate rocks 
(43 percent each). The underlying confining rocks are composed of very 
fine-grained sandstone, siltstone, shale, and basement.

In Ohio, 75 percent of the potential reservoir intervals occur in the 
basal sandstone (Mount Simon Sandstone) and the remainder mainly occur in 
the Rome Formation. About 67 percent of the intervals occur in sandstone, 
27 percent in dolomite, and 6 percent occur in limestone. The median 
altitude of the top of the potential reservoir intervals is about 1,517 m 
below NGVD of 1929, and their median thickness is 21 m. Two intervals occur 
in two of the 13 wells where potential reservoir porosity was identified, 
and one occurs in the remaining wells. When evaluated by interval, the 
median thicknesses of the reservoir-type zones have a median value of 1.8 m; 
the aggregate thicknesses of the zones have a median value of 9 m; the 
median porosities of the zones range from 5 to 15 percent; and their average 
thickness-weighted porosities have a median value of 8 percent (table 3). 
The median thickness of confining intervals that immediately overlie and 
underlie the potential reservoir intervals is 81 m and 1 m to basement rock, 
respectively. The dominant overlying confining rocks are dolomite and shale 
(in about 69 percent and 26 percent of the cases, respectively), and the 
dominant underlying confining rocks are basement (80 percent) and carbonate 
rocks (13 percent).

Potential reservoir intervals primarily occur in the basal sandstone in 
Unit A in Tennessee. Sixty-seven percent of the reservoir-type zones in the 
intervals were found in sandstone and 33 percent in dolomite. The median 
altitude of the top of the potential reservoir intervals is about 1,500 m 
below NGVD of 1929, and their median thickness is 22 m. One interval occurs 
in each of the two wells where reservoir porosity was found. When evaluated 
by interval, the reservoir-type zones have a median aggregate thickness of 
about 20 m, and their median average thickness-weighted porosity is 7 
percent. The median thickness of confining intervals that immediately 
overlie and underlie the potential reservoir intervals is 269 m and 6 m to 
basement rock, respectively. The dominant lithologies constituting the 
overlying confining rocks are shale (in 50 percent of the cases studied), 
siltstone (25 percent), and limestone (25 percent). The underlying 
confining rocks are composed of basement rock.

Because the sandstone in the lower part of Unit A contains the majority 
of the reservoir-type zones, a separate map showing the altitude of the top 
and selected wells with estimated thickness of the sandstone has been 
prepared for comparison purposes (fig. 14). The areal distribution and 
altitude contours are quite similar to those for Unit A but are shifted to 
the west. The occurrence of sandstone with greatest thickness is localized 
near the Irvine-Paint Creek and Kentucky River fault systems from Lincoln 
County to Boyd County, Kentucky, where the thickness averages about 300 m. 
The thickness ranges from 573 m and 466 m in wells 147 and 195 in Lawrence 
and Madison Counties, Kentucky, respectively, to very little if any 
sandstone in well 259 in Pickett County, Tennessee, and averages about 25 m
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north of and about 50 m south of the faulted area. The values for the 
altitude of the top and thickness of the potential reservoir intervals are 
about the same as those for Unit A, 1,285 m and 23 m, respectively, 
indicating the dominant influence of the sandstones. The median values for 
the individual and aggregate thickness of the reservoir-type zones found 
within the intervals are 1.8 m and 11 m, respectively. Porosity of these 
zones ranges from 5 to 25 percent, and the median average thickness-weighted 
porosity is 8 percent (table 3).

Confining Unit A-B

Cambrian siltstones, shales, and shaly carbonate rocks that occur in 
the Rome Formation or the overlying Conasauga Group or Shale constitute 
Confining Unit A-B, which overlies Reservoir Unit A (table 4). The average 
area-weighted thickness of this confining unit is 217 m, but the thickness 
ranges from 15 m in well 26 in Coshocton County, Ohio, to about 1,066 m in 
well 207 in Jackson County, Kentucky. The greatest thickness occurs in 
southeastern Kentucky between the Irvine-Paint Creek fault system and the 
Pine Mountain thrust fault (fig. 15). These thick sedimentary rocks are 
components of the Rome Formation and are, in part, the fine-grained 
equivalents of the thick sandstone mapped in Unit A to the north and 
northeast. As is the case for the thick sandstone in Unit A, the 
distribution and great thickness of these fine-grained sedimentary rocks is 
thought to be controlled by major east- and northeast-trending block 
faulting in the basement. The average area-weighted thickness of this 
confining unit is about 400 m in Kentucky and slightly less than 300 m in 
Tennessee; however, in Ohio it is thin, averaging about 35 m. The overall 
average area-weighted thickness of the unit is 217 m.

At places where the estimated thickness is less than about 30 m, the 
confining capacity of the unit may be limited. Geophysical well logs and 
lithologic descriptions of drill cuttings from wells 26 and 69 in Coshocton 
and Noble Counties, Ohio, respectively, and well 66 in Wood County, West 
Virginia, indicate very little if any shale or siltstone occurs between the 
underlying and overlying potential reservoir units. These data suggest that 
this unit is ineffective as a confining unit, at least in parts of eastern 
Ohio and central West Virginia. Hydrogeologic sections displaying the depth 
to and thickness of Unit A-B and its relation to the other rocks are shown 
in figures 6 through 10.

Reservoir Unit B

Reservoir Unit B overlies Confining Unit A-B and is found in the 
subsurface throughout most of the area. Surface exposures of this unit 
occur north of the Kentucky River fault system in Jessamine County, 
Kentucky; in the core of the Sequatchie anticline from Sequatchie County to 
Cumberland County, Tennessee, and east of the Pine Mountain thrust fault in 
Kentucky, Tennessee, and Virginia. The rocks that comprise this unit are 
predominately dolomites and limestones that attain an aggregate thickness of 
about 1,500 m. Some thin carbonate- and silica-cemented quartz sandstones 
occur in places, and these sandstones attain an aggregate thickness of about 
70 m. The carbonate rocks range from Late Cambrian to Middle Ordovician in 
age. The dolomites are components of the Knox Group and Beekmantown Group
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or Dolomite, and the limestones comprise the Stones River and Nashville 
Groups and their stratigraphic equivalents (table 4).

The thin sandstones occur at the base of the Middle and Lower 
Ordovician carbonate rocks (table 4). The Middle Ordovician St. Peter 
Sandstone and equivalents are found in eastern Kentucky and in adjacent 
parts of Ohio and West Virginia where the units lie on top of an old 
erosional surface called the Knox unconformity. The thickness averages 10 
to 15 m and reaches about 21 m in three small depositional centers that 
appear to be associated with the faulting in Powell, Elliott, and Martin 
Counties, Kentucky (Freeman, 1953). Rocks that correlate with the Rose Run 
Sandstone (informal usage in some areas) of Early Ordovician age occur 
between 300 and 2,500 m below NGVD of 1929 in northeastern Kentucky and 
parts of eastern and southern Ohio and southwestern West Virginia (Patchen 
and others, 1985 a, b). The southern extent of this sandstone is marked 
approximately by latitude 37 30 North, where its distinctive lithologic 
character changes to that of the overlying and underlying dolomites 
(Janssen, 1973). This sandstone generally thickens westward and southward 
from its updip limit in Ohio to over 50 m in several key wells in and near 
the faulted area in central Kentucky. The average thickness is about 35 m.

The top of Unit B is deeper than 300 m below NGVD of 1929 throughout 
most of the area in Ohio, in the eastern two-thirds of Kentucky, and the 
northeastern corner of Tennessee (fig. 16). It is deeper than 2,500 m below 
NGVD of 1929 in southwestern Pennsylvania, in central and northwestern West 
Virginia, and in a small, adjacent section of southeastern Ohio. Because of 
the gentle dip and great thickness of this unit, there is a large area 
between where the base and the top descend below 2,500 m below NGVD of 1929 
(fig. 16). At any given place within this area, only some proportionate 
part of the total thickness of the unit is shallower than 2,500 m below NGVD 
of 1929.

Within the defined depth limitations, the thickness of this unit ranges 
from 195 m in well 1 in Lorain County, Ohio, to 1,469 m in well 244 in 
McCreary County, Kentucky, respectively, and has an estimated area-weighted 
average of about 850 m. This average thickness was determined by estimating 
the unit thickness at 1400 m for the area marked "no data" on figure 17 and 
averaging it (on an area-weighted basis) with the calculated 700 m thickness 
for the unit throughout the rest of the area. The general thinning of this 
unit toward the northwest, in Ohio (fig. 17), is in large part caused by the 
erosion of the rocks lying beneath the Knox unconformity (table 4). Figure 
18 shows the approximate altitude of the unconformity and the approximate 
percentage of Unit B found below this feature. A careful comparison of 
figures 16, 17, and 18 indicates that the major part of the reservoir 
porosity found in Unit B occurs in the rocks below or just above the 
unconformity. Hydrogeologic sections displaying the depth to and thickness 
of Unit B and its relation to the other rocks are shown in figures 6 through 
10.

Potential reservoir intervals were identified in Unit B in a total of 
43 wells where both the top of the intervals and the top of the unit lie
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between 300 m and 2,500 m below NGVD of 1929 in the area (figs. 16 and 17, 
and table 3). Nineteen wells are located in Kentucky, 22 in Ohio, one in 
Tennessee, and one in West Virginia. Table 5 presents a summary of some of 
the characteristics and distribution of the reservoir porosity found in Unit 
B.

Data from the wells in Kentucky indicate that the majority of the 
potential reservoir intervals are found in rocks below the Knox 
unconformity. Seventy-five percent of the potential reservoir intervals 
were found in dolomite, 6 percent in limestone, and 19 percent in sandstone. 
The median altitude of the top of the potential reservoir intervals in Unit 
B is about 1,207 m below NGVD of 1929, and the median thickness of the 
intervals is 94 m. One to four intervals occur in the wells where reservoir 
porosity was identified. When evaluated by interval, the median thicknesses 
of the reservoir-type zones found within the intervals have a median value 
of 1.2 m; the aggregate thicknesses of the zones have a median value of 21 
m; the median porosities of the zones range from 5 to 8 percent; and the 
average thickness-weighted porosities have a median value of 7 percent 
(table 3). Confining intervals that immediately overlie and underlie the 
potential reservoir intervals have a median thickness of about 50 m and 70 
m, respectively, and are primarily composed of carbonate rocks.

In Ohio, the majority of the potential reservoir intervals found in 
Unit B are in rocks that occur below the erosional unconformity. About 85 
percent of the potential reservoir porosity occurs in the Knox Group and 
about 6 percent occurs in the Rose Run sandstone (informal usage). The 
remainder occurs above the unconformity in the unnamed equivalents of the 
St. Peter Sandstone and Wells Creek Dolomite and in overlying Middle 
Ordovician limestone. The median altitude of the top of the potential 
reservoir intervals is 1,227 m below NGVD of 1929, and their median 
thickness is 70 m. One interval occurs in most of the wells where reservoir 
porosity was identified. When evaluated by interval, the median thicknesses 
of the reservoir-type zones have a median value of 1.5 m; the aggregate 
thicknesses of the zones have a median value of 16 m; the median porosities 
of the zones range from 5 to 12 percent; and the average thickness-weighted 
porosities have a median value of 8 percent (table 3). The median 
thicknesses of confining intervals that immediately overlie and underlie the 
potential reservoir intervals are 75 m and 56 m, respectively. Dominant 
lithologies of the overlying confining rocks are limestone (in 56 percent of 
the studied cases), shale (23 percent), and dolomite (21 percent). Dolomite 
and shale comprise the underlying confining rocks in 61 and 36 percent of 
the studied cases, respectively.

All of the four potential reservoir intervals found in Unit B in well 
266 in Tennessee occur below the Knox unconformity. The potential reservoir 
porosity is found in the Copper Ridge Dolomite of the Knox Group of Late 
Cambrian age and the overlying units of the Knox Group of Early Ordovician 
age. The median thickness of the potential reservoir intervals is about 104 
m, and the median altitude of their top is about 1,107 m below NGVD of 1929. 
Four intervals were found in well 266. When evaluated by interval, the 
median thicknesses of the reservoir-type zones found within the intervals 
have a median value of 0.7 m; the aggregate thicknesses of the zones have a
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median value of 10 m; the median porosities of the zones range from 6 to 10 
percent; and the average thickness-weighted porosities have a median value 
of 8 percent (table 3). The median thickness of confining intervals that 
immediately overlie and underlie the potential reservoir intervals is 85 m 
and 78 m, respectively. Limestone and dolomite comprise the overlying and 
underlying confining rocks.

Most of the potential reservoir intervals found in Unit B in well 127 
in West Virginia occur in rocks below the erosional unconformity. Thirty- 
eight percent of the potential reservoir porosity is found in the 
Conoccocheaque Limestone, and 46 percent in the Beekmantown Dolomite. The 
remainder occurs in rocks that overlie the unconformity. Two potential 
reservoir intervals were found in well 127. Median thickness of the 
potential reservoir intervals is 86 m, and the median altitude of their top 
is 1,978 m below NGVD of 1929. When evaluated by interval, the median 
thicknesses of the reservoir-type zones that occur within the intervals have 
a median value of 1 m; the aggregate thicknesses of the zones have a median 
value of 13 m; the median porosities of the zones range from 6 to 7 percent; 
and the average thickness-weighted porosities have a median value of 7 
percent (table 3). The median thickness of confining intervals that 
immediately overlie and underlie the potential reservoir intervals is 188 m 
and 143 m, respectively. Dolomite and limestone constitute the bulk of the 
potential confining rocks.

Confining Unit B-C

Confining Unit B-C overlies Reservoir Unit B and is composed of a 
mixture of very fine-grained sandstone, siltstone, shale, and shaly 
carbonate rocks that range from Middle Ordovician to Early Mississippian in 
age. The large range in age is caused by the fact that younger reservoir 
units that occur in the northern and eastern part of the area thin, pinch 
out, or change to a silty-shaly facies that forms one confining unit toward 
the southwest. Therefore, where appropriate, these units are added to and 
mapped as part of Confining Unit B-C. The index map and diagrammatic cross 
section of figure 19 shows the areas and the reservoir and confining units 
that are considered to constitute Unit B-C in three different zones 
throughout the study area.

Zone one is located east of a line drawn from central Lorain County, 
Ohio, to western Lee County, Virginia. In this zone, Confining Unit B-C is 
generally composed of the rocks found between the top of the Trenton 
Limestone and the base of the Tuscarora Sandstone and includes the 
Ordovician Martinsburg Formation, Reedsyille Shale, Juniata Formation, and 
their equivalents (table 4). The thickness of Confining Unit B-C is 
contoured and discussed only for the area in which the underlying potential 
reservoir unit lies between 300 m and 2,500 m NGVD of 1929. The confining 
unit's thickness in zone one ranges from 242 m in well 233 in Wise County, 
Virginia, to 1,274 m in well 104 in Randolph County, West Virginia, and the 
average thickness is about 425 m. In general, it thickens from the west and 
southwest to the east and northeast (fig. 19).
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The boundary between zones one and two is marked by the long, narrow 
400 m-contour closure oriented in a north-south direction on figure 19. 
This feature results from the abrupt addition of the silty and shaly facies 
of the Silurian Tuscarora Sandstone and equivalents and the overlying Rose 
Hill Formation to Confining Unit B-C in zone two. The thickness of the 
confining unit in zone two ranges from a little over 400 m in the key wells 
in Licking and Morrow Counties, Ohio, to 227 m in well 191 in Lee County, 
Kentucky, and averages 325 m.

Zone three begins at the western limit of Reservoir Unit D (see index 
map on figure 19 and figure 23). Any rocks equivalent to Unit D west of 
this line are included with Confining Unit B-C along with the overlying 
formations up to the base of Reservoir Unit F. Thus, in zone three, 
Confining Unit B-C generally includes all the rocks from top of the Middle 
Ordovician Trenton Limestone to the base of the Mississippian Newman 
Limestone and its equivalents or, where present, to the base of the Fort 
Payne Formation (table 4). The estimated thickness ranges from less than 
200 m in Morgan and Anderson Counties, Tennessee, to 389 m in well 210 in 
Clay County, Kentucky. The average thickness is about 260 m.

The overall average area-weighted thickness of Confining Unit B-C is 
423 m. Hydrogeologic sections displaying the depth to, and thickness of, 
Unit B-C and its relation to the other rocks are shown in figures 6 through 
10.

Reservoir Unit C

Reservoir Unit C overlies Confining Unit B-C and is composed of the 
Albion and Tuscarora Sandstones and equivalents of Early Silurian age (table 
4). This unit is confined to the subsurface throughout the study area, and 
its top ranges from about 400 m below NGVD of 1929 at the western limit of 
the unit in Ohio to greater than 2,500 m below NGVD of 1929 in northeastern 
West Virginia and southwestern Pennsylvania (fig. 20). The western limit 
approximately coincides with the western extent of oil and gas production 
from this unit in Ohio and Kentucky (Debrosse and Vohwinkel, 1974; Wilson 
and Sutton, 1976). As discussed in the previous section, Reservoir Unit C 
is mapped as part of the underlying Confining Unit B-C (Zone 3) west of this 
line.

Reservoir Unit C generally thickens from west to east, from 10 m in 
Ashland, Licking, and Wayne Counties, Ohio, to over 100 m in parts of 
Barbour, Preston, Randolph, and Upshur Counties, West Virginia (fig. 21). 
Overall, it has an average area-weighted thickness of about 36 m. It is 
less than 25 m in thickness in the western part, which accounts for about 25 
to 30 percent of the total area. The elongate, adjacent thick and thin 
areas marked by the re-entrants of the 25 m-line of equal thickness on 
figure 22 in southwestern West Virginia lie along and appear to be 
controlled by the eastern and northeastern extension of the block faulting 
that is so well developed in central Kentucky.

Hydrogeologic sections displaying the depth to and thickness of 
Reservoir Unit C and its relation to other rocks are shown in figures 6, 7, 
and 10.
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Potential reservoir intervals were identified in Reservoir Unit C in a 
total of seven wells where both the top of the intervals and the top of the 
unit lie between 300 m and 2,500 m below NGVD of 1929 in the study area 
(figs. 20 and 21, and table 3). Four wells are located in Ohio, two in West 
Virginia, and one in Virginia. A summary of some of the characteristics and 
distribution of reservoir porosity in Reservoir Unit C is given in table 5.

In Ohio, the median altitude of the top of the potential reservoir 
intervals is 1,110 m below NGVD of 1929 and their median thickness is about 
24 m. One interval was found in each well where reservoir porosity was 
identified. When evaluated by interval, the median thicknesses of the 
reservoir-type zones that occur within the intervals have a median value of 
5 m; the aggregate thicknesses of the zones have a median value of 11 m; the 
median porosities of the zones range from 5 to 10 percent; and the average 
thickness-weighted porosities have a median value of 9 percent (table 3). 
The median thickness of confining intervals that immediately overlie and 
underlie the potential reservoir intervals is 78 m and 586 m, respectively. 
These overlying and underlying confining rocks are composed of shale (60 
percent) and limestone (40 percent).

In West Virginia, the median altitude of the top of the potential 
reservoir intervals is 1,767 m below NGVD of 1929, and their median 
thickness is 18 m. One interval occurs in each well where reservoir 
porosity was identified (table 3). When evaluated by interval, the median 
thicknesses of the reservoir-type zones found within the intervals have a 
median value of 6 m; the aggregate thicknesses of the zones have a median 
value of 12 m; the median porosity of the zones is 6 percent; and the 
average thickness-weighted porosities have a median value of 6 percent 
(table 3). Immediately overlying confining intervals have a median 
thickness of 144 m. Only one of the wells penetrates the underlying 
confining interval, indicating a thickness of 695 m. The overlying 
confining rocks are composed of shale (in 75 percent of the studied cases) 
and fine-grained sandstone (25 percent). The underlying confining rocks are 
composed of equal amounts of shale and limestone.

Data from the one well in Virginia (well 222) indicate that the 
altitude of the top of the potential reservoir interval is 1,473 m below 
NGVD of 1929 and that the thickness is 20 m. Only one interval was 
identified. The reservoir-type zones within the interval have a median 
thickness of 2.4 m and an aggregate thickness of 13 m. The porosity of 
these zones ranges from 5 to 6 percent, and their average thickness-weighted 
porosity is 5 percent. The thickness of confining intervals that 
immediately overlie and underlie the potential reservoir interval is 107 m 
and 308 m, respectively. Shale comprises the overlying confining rocks and 
equal amounts of shale and limestone comprise the confining rocks that 
underlie the interval.

Confining Unit C-D

Middle Silurian shales, siltstones, very fine-grained sandstones, and a 
few thin carbonates of the Rose Hill Formation and equivalents constitute 
Confining Unit C-D (table 4) which overlies Reservoir Unit C. Confining
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Unit C-D thickens from less than 50 m in northern Ohio and from about 100 m 
near the boundary between Pike County, Kentucky, and Buchanan County, 
Virginia, to over 150 m in northeastern West Virginia and southwestern 
Pennsylvania. The thinnest occurrence was found in well 4 in Medina County, 
Ohio, where it is estimated to be 17 m thick; the thickest was found in well 
44 in Fayette County, Pennsylvania, where it is about 282 m thick. The 
average thickness of Unit C-D is about 65 m in Ohio, 178 m in West Virginia, 
and about 87 m in Kentucky and Virginia. Overall, its average area-weighted 
thickness is about 92 m where the underlying reservoir unit occurs between 
300 m and 2,500 m below NGVD of 1929 (fig. 22).

Hydrogeologic sections displaying the depth to and thickness of Unit C- 
D and its relation to the other rocks are shown in figures 6 through 10.

Reservoir Unit D

Reservoir Unit D overlies Confining Unit C-D and is composed of the 
rocks that occur between the base of the Keefer Sandstone and equivalents of 
Middle Silurian age and the top of the Onondaga Limestone and equivalents 
of Middle Devonian age (table 4). This unit is mostly confined to the 
subsurface in the study area, but parts of it are exposed near the western 
boundary in southern Ohio and northern Kentucky. Middle and Lower Devonian 
limestone and Upper and Middle Silurian limestone and dolomite constitute 
the bulk of this unit; however, three quartz sandstones are found in the 
central and northern part of the area.

The Lower Devonian Oriskany Sandstone is the thickest of these 
sandstones and extends from Garrett County, Maryland, where it is over 75 m 
thick (Oliver and others, 1971), to its western limit in eastern Ohio and 
northeastern Kentucky. Its average thickness is about 30 m. The sandstone 
of the Upper Silurian Williamsport Formation and equivalents is the most 
restricted of the three sandstones and is found generally in south-central, 
western, and northeastern West Virginia and in Garrett County, Maryland. 
Its thickness ranges to slightly over 30 m in southwestern Greenbrier 
County, West Virginia, and averages about 10 m (Patchen, 1974). The Keefer 
Sandstone and equivalents are found generally throughout West Virginia and 
in adjacent parts of Ohio, Kentucky, Virginia, Pennsylvania, and Maryland 
(Chen, 1977). This sandstone generally thickens from the northwest to over 
60 m in southeastern West Virginia and has an average thickness of about 9 
m.

The top of Reservoir Unit D is deeper than 300 m below NGVD of 1929 
east of a line drawn from central Summit County, Ohio, to central Bell 
County, Kentucky (fig. 23). The deepest occurrence was found in well 43 in 
Fayette County, Pennsylvania, where the top is 2,045 m below NGVD of 1929. 
The bottom part of the unit is deeper than 2,500 m below NGVD of 1929 in 
parts of northeastern West Virginia and southwestern Pennsylvania (fig. 23).

Where the top of this unit lies deeper than 300 m below NGVD of 1929, 
its thickness ranges from 1,135 m in well 44 in Fayette County, 
Pennsylvania, to less than 50 m in several wells in south-central Kentucky 
(fig. 24). The overall average area-weighted thickness of Unit D is about
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410 m. The unit appears to have been thickened by reverse faulting along 
the Burning Springs anticline in parts of Pleasants, Ritchie, Wirt, and Wood 
Counties, West Virginia. The pronounced thinning toward the west and 
southwest is caused by erosion and overlap. The Oriskany Sandstone and 
older rocks are beveled by erosion, and the rocks between the top of the 
Oriskany and the top of the Onondaga Limestone and its stratigraphic 
equivalents thin, pinch out, and are overlapped by younger units (Dennison, 
1961).

Some of the Upper Silurian rocks (Salina Formation, Wills Creek Shale, 
and Tonoloway Limestone, see table 4) contain evaporite deposits of 
anhydrite and salt that generally serve as confining beds within this unit 
(Martens, 1943; Fergusson and Farther, 1968; Clifford, 1973; Norris, 1978). 
Figure 25 shows the area! extent, altitude of the top, and thickness of the 
section in which evaporates occur. Any reservoir potential within or below 
this evaporite-bearing interval would be enhanced by additional assurance of 
confinement. Hydrogeologic sections displaying the depth to and thickness 
of Unit D and its relation to the other rocks are shown in figures 6, 7, 9, 
and 10.

Potential reservoir intervals were identified in Unit D in a total of 
38 wells where both the top of the intervals and the top of the unit lie 
between 300 m and 2,500 m below NGVD of 1929 in the study area (figs. 23 and 
24, and table 3). Nineteen wells are located in West Virginia, 12 in Ohio, 
four in Pennsylvania, and three in Kentucky. Table 5 presents a summary of 
some of the characteristics and distribution of the reservoir porosity for 
Unit D.

Data from the wells in West Virginia indicate that about 60 percent of 
the potential reservoir intervals are found in carbonate rock (dolomite, 33 
percent; limestone, 27 percent), and the remainder are found in sandstone 
and chert. About 70 percent of the potential reservoir porosity occurs 
above the evaporite-bearing rocks shown in figure 25, and about 25 and 5 
percent occurs within and below these rocks, respectively. The median 
altitude of the top of the potential reservoir intervals is about 1,562 m 
below NGVD of 1929, and median thickness of the intervals is 73 m. As many 
as five potential reservoir intervals were found in one of the wells, but 
one or two intervals were most common in the other wells where reservoir 
porosity was identified (table 3). When evaluated by interval, the median 
thicknesses of the reservoir-type zones found within the intervals have a 
median value of 1.2 m; the aggregate thicknesses of the zones have a median 
value of 14 m; the median porosities of the zones range from 5 to 12 
percent; and the average thickness-weighted porosities have a median value 
of 7 percent (table 3). Confining intervals that immediately overlie and 
underlie the potential reservoir intervals have a median thickness of 276 m 
and 74 m, respectively. Fine-grained clastic rocks comprise about 47 
percent of the overlying confining rocks (shale, 33 percent; siltstone, 14 
percent), 43 percent is comprised of carbonate rocks (limestone, 25 percent; 
dolomite, 18 percent), and 10 percent is comprised of evaporites (anhydrite 
and salt, 4 and 6 percent, respectively). For the underlying confining 
rocks, 31 percent is composed of clastic rocks (very fine-grained sandstone, 
8 percent; shale, 23 percent), and 56 percent is comprised of carbonate 
rocks (limestone, 33 percent; dolomite, 23 percent), and 13 percent is 
comprised of evaporites (salt, 8 percent; anhydrite, 5 percent).

22



In Ohio, 36 percent of the identified potential reservoir porosity in 
Unit D is found above the evaporite-bearing rocks, and 7 and 57 percent 
occurs within and below these beds, respectively. All the potential 
reservoir intervals are found in carbonate rocks (dolomite, 64 percent; 
limestone, 36 percent). The median altitude of the top of the potential 
reservoir intervals is 681 m below NGVD of 1929, and their median thickness 
is 71 m. Two potential reservoir intervals were found in each of three 
wells, and one interval occurred in each of the other ten wells where 
reservoir porosity is found. When evaluated by interval, the median 
thicknesses of the reservoir-type zones that occur within the intervals have 
a median value of 1.5 m; the aggregate thicknesses of the zones have a 
median value of 13 m; the median porosities of the zones range from 5 to 9 
percent; and the average thickness-weighted porosities have a median value 
of 8 percent (table 3). Confining intervals that immediately overlie and 
underlie the potential reservoir intervals have a median thickness of 196 m 
and 83 m, respectively. The dominant lithologies for the overlying 
confining rocks are shale (in 34 percent of the studied cases), dolomite (31 
percent), and anhydrite (19 percent). The underlying confining rocks are 
comprised mainly of dolomite (38 percent of the studied cases), shale (28 
percent), anhydrite (14 percent), salt (10 percent), and limestone (7 
percent).

In Pennsylvania, about 37 percent of the identified potential reservoir 
porosity in Unit D is found above the evaporite-bearing rocks, and 48 and 15 
percent occur within and below these beds, respectively. All the reservoir 
porosity is found in carbonate rocks (dolomite, 80 percent; limestone, 20 
percent). The median altitude of the top of the potential reservoir 
intervals is about 2,130 m below NGVD of 1929, and their median thickness is 
27 m. Two intervals were found in one of the four wells where potential 
reservoir porosity was identified. When evaluated by interval, the median 
thicknesses of the reservoir-type zones that are found within the intervals 
have a median value of 2.4 m; the aggregate thicknesses of the zones have a 
median value of 8 m; the median porosities of the zones range from 5 to 9 
percent; and the average thickness-weighted porosities have a median value 
of 6 percent (table 3). The median thickness of overlying and underlying 
confining intervals is 52 m and 80 m, respectively. Dominant lithologies 
for the overlying confining rocks are dolomite (43 percent), shale (29 
percent), and salt and limestone (14 percent each). The underlying 
confining rocks are mainly comprised of dolomite (44 percent), shale and 
limestone (22 percent each).

Potential reservoir intervals were identified in Unit D in three wells 
in Kentucky. All the intervals occur in dolomite. In well 144, where both 
evaporite-bearing deposits and potential reservoir porosity were identified 
in Unit D, about 50 percent of the potential reservoir porosity occurs above 
the evaporite-bearing rocks, and 12 and 38 percent is found within and below 
these beds, respectively. All the reservoir intervals identified in Unit D 
in the Kentucky wells occur in dolomite. The median altitude of the top of 
the potential reservoir intervals is 378 m below NGVD of 1929, and their 
median thickness is 64 m. One interval occurs in each of the three wells in 
which reservoir porosity was identified. When evaluated by interval, the 
median thicknesses of the reservoir-type zones that are found within the 
intervals have a median value of 1 m; the aggregate thicknesses of the zones
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have a median value of 10 m; the median porosities of the zones range from 6 
to 7 percent; and the average thickness-weighted porosities have a median 
value of 7 percent (table 3). Confining intervals that immediately overlie 
and underlie the potential reservoir intervals have a median thickness of 
202 m and 444 m, respectively. Confining rocks that overlie the potential 
reservoir intervals are comprised of shale (in 50 percent of the studied 
cases), siltstone (33 percent), and limestone (17 percent), while the 
underlying confining rocks are comprised of shale and limestone (50 percent 
each).

Confining Unit D-E

Shales, siltstones, very fine-grained sandstones, and some shaly 
carbonates that range from Middle Devonian to Early Mississippian in age 
constitute Confining Unit D-E, and overlie Reservoir Unit D (table 4). 
Within the area where Reservoir Unit D occurs between 300 and 2,500 m below 
NGVD of 1929, the thickness of Confining Unit D-E ranges from 1,608 m in 
well 46 in Somerset County, Pennsylvania, to 131 m in well 239 in Knox 
County, Kentucky (fig. 26). The confining unit has an average thickness of 
about 1,400 m near the eastern boundary of the area, 300 m in the west and 
southwest, and an area-weighted average of about 838 m overall. Part of the 
rock sequence that forms this unit has been repeated in the overthrust area 
of a reverse fault, causing an apparent thickening along the Burning Springs 
anticline in parts of Pleasants, Ritchie, Wirt, and Wood Counties, West 
Virginia. The slight thickening of this unit outlined by the 200-m contour 
in parts of Breathitt, Lee, Menifee, Powell, and Wolfe Counties, Kentucky, 
is probably related to the block faulting in central and northeastern 
Kentucky.

Hydrogeologic sections displaying the depth to and thickness of 
Confining Unit D-E and its relation to the other rocks are shown in figures 
6 through 10.

Reservoir Unit E

Reservoir Unit E overlies Confining Unit D-E and is composed of the 
sandstones in the Hampshire Formation and equivalents of Late Devonian age 
and the Cussewago and Berea Sandstones and equivalents of Early 
Mississippian age (table 4). The top of this unit is deeper than 300 m 
below NGVD of 1929 in an area that includes the southwestern corner of 
Pennsylvania, western and southwestern West Virginia and a narrow adjacent 
strip of Ohio, and southeastern Kentucky and adjacent parts of Virginia 
(fig. 27). Within this area, the contours on the top of the unit define 
three major northeast-trending, en echelon lows, and subordinate northwest-, 
north-, and northeast-trending highs. The deepest occurrence of this unit 
is found along the axes of the lows in Buchanan County, Virginia, and Wetzel 
County, West Virginia, where the altitudes of the top are about 900 m and 
500 m below NGVD of 1929, respectively. The shallowest occurrence is found 
along the axis of the Burning Springs anticline from Pleasants to Wirt 
Counties, West Virginia, where the top is less than 100 m below NGVD of 1929 
(fig. 27).

A study of geophysical and lithologic logs suggested that potential- 
reservoir sandstone beds have an aggregate thickness of about 8 to 10 m or
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more only in the Cussewago Sandstone and equivalents and the Hampshire 
Formation in southwestern Pennsylvania and adjacent parts of West Virginia 
and in the Berea Sandstone in southwestern West Virginia and adjacent parts 
of Ohio and Kentucky (fig. 27). Throughout the remainder of the area, where 
it lies deeper than 300 m below NGVD of 1929, the unit is very thin or is 
composed of siltstone and shale and is not likely to have reservoir 
potential. Hydrogeologic sections displaying the depth to and thickness of 
Reservoir Unit E and its relation to the other rocks are shown in figures 6, 
7, and 10.

Potential reservoir intervals were identified in three key wells where 
the sandstones are about 8 m to 10 m or more in thickness--two in 
northeastern West Virginia and one in Lawrence County, Kentucky (table 3). 
The intervals found in the two wells in West Virginia occur in an area where 
the top of Unit E lies above 300 m below NGVD of 1929 (fig. 27). Because of 
the paucity of information for this unit, data from these wells were used 
for comparison purposes.

Data from the West Virginia wells indicate that the reservoir porosity 
occurs in sandstone of the Hampshire Formation and possible equivalents of 
the Cussewago Sandstone. The median altitude of the top of the potential 
reservoir intervals is 245 m below NGVD of 1929, and their median thickness 
is 98 m. One interval occurs in each of the two wells where reservoir 
porosity was found (table 3). When evaluated by interval, the median 
thicknesses of the reservoir-type zones that are found within the intervals 
have a median value of 2 m; the aggregate thicknesses of the zones have a 
median value of 18 m; the median porosities of the zones range from 7 to 10 
percent; and the average thickness-weighted porosities have a median value 
of 9 percent (table 3). Confining intervals that immediately overlie and 
underlie the potential reservoir intervals have a median thickness of 134 m 
and 245 m, respectively. Shale and siltstone comprise 67 and 33 percent, 
respectively, of the overlying confining rocks; and shale comprises 100 
percent of the underlying confining rocks.

One potential reservoir interval was found in the Berea Sandstone in 
well 147 in Lawrence County, Kentucky. The altitude of the top of this 
interval is 312 m below NGVD of 1929, and its thickness is 27 m. The 
reservoir-type zones found within this interval have a median thickness of 
1.8 m and an aggregate thickness of 12 m. The porosity of these zones 
ranges from 6 to 10 percent, and they have an average thickness-weighted 
porosity of 9 percent. Confining intervals that immediately overlie and 
underlie the potential reservoir interval are 122+ m and 217 m thick, 
respectively, and are comprised of about equal amounts of siltstone and 
shale.

Confining Unit E-F

Primarily, Lower Mississippian shales and siltstones comprise Confining 
Unit E-F, which overlies Reservoir Unit E (table 4). In the two separate 
areas where the underlying reservoir unit is deeper than 300 m below NGVD of 
1929 and potential-reservoir sandstone thickness is about 8 to 10 m or more, 
the thickness of the confining unit ranges from 77 m in well 128 in Gallia 
County, Ohio, to 244 m in well 221 in Buchanan County, Virginia. The
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average thickness of the unit is about 150 m in the southern area and 
slightly over 100 m in the northern area (fig. 28). The overall average 
area-weighted thickness of the unit is 140 m.

Hydrogeologic sections displaying the depth to and thickness of 
Confining Unit E-F and its relation to the other rocks are shown in figures 
6, 7, 8, and 10.

Reservoir Unit F

Reservoir Unit F overlies Confining Unit E-F and is composed of the 
Upper Mississippian Greenbrier Limestone/Formation and equivalents and 
associated sandstones that occur in the Lower Mississippian Pocono Formation 
and the Upper Mississippian Mauch Chunk Formation or their respective 
equivalents (table 4). This unit is generally confined to the subsurface 
except along the eastern and western boundaries of the study area. It 
occurs within the depth limits defined for the potential waste-storage 
reservoir environment only in three small areas adjacent to the Pine 
Mountain thrust fault (fig. 29). These areas appear to be small parts of a 
larger area that exists beneath the thrust block. The largest and 
northernmost of these areas is comprised of parts of McDowell County, West 
Virginia, and Buchanan County, Virginia. The middle area is composed of 
parts of Marian, Leslie, Letcher, and Perry Counties, Kentucky; and the 
smallest and southernmost area includes parts of Anderson, Campbell, and 
Morgan Counties, Tennessee. These areas and the area defined by the 
northeast-trending line of key wells in which porosity zones were identified 
from Jackson to Marshall Counties, West Virginia (fig. 29 and table 3), are 
aligned along the axes of the deepest lows described for Reservoir Unit E, 
suggesting that porosity may be structurally controlled.

The deepest occurrence of this unit is found in southern Buchanan 
County and adjacent parts of Russell County, Virginia, where the top 
descends to nearly 600 m below NGVD of 1929. Where the top is deeper than 
300 m below NGVD of 1929 within the study area, the thickness of the unit 
ranges from 150 m in well 273 in Anderson County, Tennessee, to about 244 m 
in well 235 in Harlan County, Kentucky (fig. 30). The average area-weighted 
thickness is about 200 m. Hydrogeologic sections displaying the depth to 
and thickness of Unit F and its relation to the other rocks are shown in 
figures 6, 7, 8, and 10.

Potential reservoir intervals were identified in a total of eight wells 
in Unit F where both the top of the intervals and the top of the unit lie 
between 300 m and 2,500 m below NGVD of 1929 in the study area (figs. 29 and 
30, and table 3). Three wells are located in Virginia, two in West 
Virginia, two in Tennessee, and one in Kentucky. Table 5 presents a summary 
of some of the characteristics and distribution of the reservoir porosity 
identified in Reservoir Unit F.

In Virginia, 50 percent of the potential reservoir intervals are found 
in the Newman Limestone and 50 percent occur in overlying sandstones. The 
median altitude of the top of the potential reservoir intervals is 428 m 
below NGVD of 1929, and their median thickness is 51 m. Two potential 
reservoir intervals occur in one of the three wells where reservoir porosity
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was identified. When evaluated by interval, the median thicknesses of the 
reservoir-type zones that are found within the intervals have a median value 
of 2 m; the aggregate thicknesses of the zones have a median value of 12 m; 
the median porosities of the zones range from 5 to 10 percent; and the 
average thickness-weighted porosities of the zones have a median value of 6 
percent (table 3). The median thickness of confining intervals that 
immediately overlie and underlie the potential reservoir intervals is 79 m 
and 144 m, respectively. Shale, siltstone, very fine-grained sandstone (29 
percent each), and limestone (13 percent) constitute the overlying confining 
rocks; and siltstone (38 percent), limestone, shale (25 percent each), and 
very fine-grained sandstone (12 percent) constitute the underlying confining 
rocks.

In West Virginia, all of the potential reservoir intervals are found in 
sandstone. The median altitude of the top of the potential reservoir 
intervals is 332 m below NGVD of 1929, and their median thickness is 10 m. 
One interval occurs in each of the two key wells where reservoir porosity 
was identified. When evaluated by interval, the median aggregate 
thicknesses of the reservoir-type zones that are found within the intervals 
have a median value 10 m, and the average thickness-weighted porosities have 
a median value of 5 percent (table 3). Confining intervals that immediately 
overlie and underlie the potential reservoir intervals have a median 
thickness of 58 m and 146 m, respectively. Shale (in 50 percent of the 
studied cases), siltstone, and very fine-grained sandstone (25 percent each) 
comprise the overlying confining rocks, and equal amounts of limestone and 
shale comprise the underlying confining rocks.

Data from the wells in Tennessee indicate that the potential reservoir 
intervals occur in the Newman Limestone of Late Mississippian age. The 
median altitude of the top of the potential reservoir intervals is 448 m 
below NGVD of 1929, and their median thickness is 87 m. One interval occurs 
in each of the two key wells where reservoir porosity was identified. When 
evaluated by interval, the median thicknesses of the reservoir-type zones 
that are found within the intervals have a median value of 1.5 m; the 
aggregate thicknesses of the zones have a median value of 12 m; the median 
porosities of the zones range from 5 to 6 percent; and the average 
thickness-weighted porosities have a median value of 6 percent (table 3). 
Confining intervals that immediately overlie the potential reservoir 
intervals have a median thickness of 109 m. The underlying confining rocks 
are 31 m thick in the one well where they were penetrated. Limestone and 
shale comprise 67 and 33 percent, respectively, of the overlying confining 
rocks, and equal amounts of shale and limestone comprise the underlying 
confining rocks.

One potential reservoir interval was found in well 234 in Harlan 
County, Kentucky. The interval occurs in sandstone. The altitude of the 
top of the interval is 370 m below NGVD of 1929, and the thickness is 96 m. 
The reservoir-type zones within the interval have a median thickness of 1.5 
m and an aggregate thickness of 31 m. The porosity of these zones ranges 
from 5 to 7 percent, and they have a median average thickness-weighted 
porosity of 5 percent. The thickness of the confining intervals that 
immediately overlie and underlie the potential reservoir interval is 88 m 
and 44 m, respectively. These confining rocks consist of equal amounts of 
shale and siltstone.
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Confining Unit above Unit F

The confining unit that overlies Reservoir Unit F is composed of Upper 
Mississippian shales and siltstones. In the areas where the top of Unit F 
is deeper than 300 m below NGVD of 1929, this overlying confining unit 
ranges in thickness from 115 m in well 273 in Anderson County, Tennessee, to 
about 30 m in wells 272 in Anderson County, Tennessee, 222 in Dickenson 
County, Virginia, and 229 in McDowell County, West Virginia. The average 
area-weighted thickness of this unit is about 50 m (fig. 31).

Hydrogeologic sections displaying the depth to and thickness of the 
Confining Unit above Unit F and its relation to the other rocks are shown in 
figures 6, 7, 8, and 10.

Summary and Comparison of the Potential Reservoir Units

Several of the physical characteristics that were derived from the key- 
well data were chosen to summarize and compare the units regarding their 
regional reservoir potential. These characteristics are listed as column 
headings in table 6, and the value for each is listed for each unit. The 
values and some of the derivations of the characteristics are discussed 
below.

A study of figures 12 through 29, and column 1 in table 6, indicates
that Units A, B, C, and D are the most widespread, occuring over areas that

prange from 77,300 to 96,400 km . Units E and F have very restricted 
distributions by comparison, occupying only 16 and 5 percent, respectively, 
of the average area covered by the other units. The average area-weighted 
thicknesses listed in column 2 range from 850 m for Unit B to 36 m for Unit 
C. The 58-m thickness of Unit E is an area-weighted average for the 
isolated northern and southern parts of the unit that contain potential 
reservoir sands with an aggregate thickness of about 8 to 10 m or more.

Column 3 indicates Reservoir Unit B has an estimated total volume of
o

about 82,000 km , which is about twice that of Unit D and about seven times 
that of Unit A. Although Unit C has a large areal distribution, it is thin

o
and only has a volume that is slightly over 2,900 km . Units E and F have

o
small volumes, 794 and 860 km respectively, and this is a reflection of 
their small areal distribution.

The values in column 4 were derived for each unit by multiplying the 
number of potential reservoir intervals found per well by the median of the 
aggregate thicknesses of rock with reservoir porosity found in the potential 
reservoir intervals and taking the product as a percentage of the average 
area-weighted thickness of the unit. The number of potential reservoir 
intervals per well in a given unit was determined by dividing the number of 
potential reservoir intervals that were found in the unit by all wells for 
which porosity calculations were made for the unit. This determination was 
made by using only the wells and intervals that occur in the area where the
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appropriate unit lies between 300 and 2,500 m below NGVD of 1929 with the 
exception of Unit E. Altitudes for the top of potential reservoir intervals 
in Unit E are as shallow as 227 m below NGVD of 1929. The estimated 
percentage of unit volume that contains reservoir porosity ranges from 1.4 
percent in Unit E to 4.9 percent in Unit A.

The median average thickness-weighted porosity of the reservoir-type 
zones found within the potential reservoir intervals is low, ranging from 5 
percent in Unit F to 9 percent in Unit E (column 5).

A relative reservoir-volume index was devised and used to rank the 
units regarding their potential reservoir pore volume. This index is listed 
in column 6 and is the product of the physical characteristics of the 
reservoir rocks listed in columns 1, 2, 4, and 5. An index is used because 
the regional nature of this appraisal and the attendant limited amount and 
distribution of data preclude determining the actual total reservoir pore 
volume in any potential reservoir unit. According to the index, Unit B has 
the largest amount of reservoir pore volume. It has nearly three times as 
much as Units A and D and 14, 58, and 98 times as much as Units C, F, and E, 
respectively.

The median depth to the top of the potential reservoir intervals listed 
in column 7 is one of the most important economic factors that must be 
considered if and when plans are made to use the reservoir pore volume in 
any of the units. The values in this column indicate two distinct groups of 
data. The interval depths for Units A, B, C, and D range from 1,224 m (Unit 
B) to 1,582 m (Unit C) and average about 1,370 m, while those for Units E 
and F average about 325 m. This four-fold difference in mean depth will be 
a major factor in well-construction cost estimates.

The potential for liquid waste confinement within a reservoir is one of 
the major safety factors that must be determined when considering the use of 
any reservoir unit for liquid-waste storage. For the purposes of this 
study, the confining ability of shales and evaporites and rocks with 
porosity less than 5 percent is assumed to be directly proportional to their 
thickness. Setting all other differences aside, the data listed in column 8 
are used as one of the indicators of the confinement potential that must be 
associated with each of the reservoir units to insure their operational 
worth. When the values in the subcolumns titled "Above" and "Below" in 
column 8 are ranked separately and the two ranking numbers for each unit are 
added together and these sums are ranked, the order of potential for 
confinement listed from best to worst, is A, C, D, E, F, and B (C, D, and E 
have the same sum value). These data are derived partly from the low- 
porosity zones that separate the potential reservoir intervals found within 
the reservoir units, and partly from the major confining units that separate 
the reservoirs. In order that the major confining units receive full 
consideration for their confinement role, their thicknesses (column 9) above 
and below the reservoir units were added together and the sums were assigned 
to the appropriate intervening reservoir units as another indicator of 
confinement potential. These values were then ranked and the ranking number 
for each reservoir unit was added to the appropriate ranking number that 
resulted from the previously described analysis of the data in column 8. 
The resulting order of potential for confinement, listed from best to worst, 
is A, E, D, C, B, and F.

30



- To rank the overall reservoir potential of the units on a regional 
basis with the available data, columns 6 and 7 (table 6) and the last 
ranking given for potential of confinement were used to represent the major 
physical, economic, and safety characteristics, respectively. Table 7 
illustrates the rankings and the overall evaluation.

From this evaluation viewpoint, Unit A has the best reservoir 
potential, followed by B, E, D, F, and finally C, which has the worst. 
Obviously, there could be other viewpoints depending on the emphasis given 
the various data which would be determined by the dictates of judgment and 
the local situation. It should be kept in mind that these are average 
values calculated for the entire region and that geologic and hydrologic 
conditions can change drastically over very short lateral and vertical 
distances. Thus, detailed studies of local conditions are essential in all 
cases where the deep subsurface reservoir rocks are to be used for the 
storage of liquid wastes.

OTHER PHYSICAL FACTORS THAT AFFECT THE POTENTIAL FOR THE 
SUBSURFACE STORAGE OF LIQUID WASTE

Up to this point, the evaluation of reservoir potential has been based 
on the occurrence and distribution of defined potential reservoir and 
confining intervals where they occur between about 300 m and 2,500 m below 
NGVD of 1929. Other important factors that must be considered include: (1) 
the occurrence and distribution of valuable resources, particularly oil and 
gas; (2) the density and distribution of oil and gas wells; (3) the 
distribution of major structural complexities, such as tight folding and 
faulting; (4) the distribution of seismic activity; and (5) the potential 
for the development of hydraulically induced vertical fractures. Problems 
that may be caused by the incompatability of the physical and chemical 
natures of liquid waste and any potential liquid-waste reservoir environment 
were not considered in this evaluation because they are beyond the scope of 
this report.

Oil and Gas Resources

Oil and gas are probably the most valuable resources in the study area. 
The economic and energy value of the past and estimated future production of 
these resources will play a major role in any decision to store liquid 
wastes in the subsurface. The very fact that the storage of oil and gas and 
liquid wastes have the same general reservoir and confinement requirements 
may introduce an element of competition for the appropriate kinds of 
subsurface space in the future (McKelvey, 1972). However, at present it is 
generally accepted that rocks saturated with oil and gas will be set aside 
for the development of these resources. Thus, a brief discussion of oil and 
gas distribution follows so that at least major producing areas can be 
recognized and avoided. The information was taken from publications by 
LeVan (1962), Wilson and Sutton (1973 and 1976), Debrosse and Vohwinkel
(1974), DeWitt (1975), DeWitt and others (1975), Harris (1975), Miller
(1975), Cardwell (1977b), and Piotrowski and others (1979).

Oil and gas producing areas within the potential reservoir units 
described in the preceeding sections of this report are shown on figure 32.
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Table /.--Ranking of liquid waste-storage reservoir potential for units

Potential 
reservoir 

unit

Index of 
major physical 
characteristics

(Column 6, 
table 6)

Index of 
major economic 
characteristics

(Column 7, 
table 6)

Index of
major safety
characteristics

Overall reservoir 
potential; the 
sum of the pre 
ceding columns 
(the lower the
point total

the better the
potential)

8

9

14

10

9

13
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EXPLANATION

AREA WHERE OIL AND/OR GAS PRODUCTION 
OCCURS IN RESERVOIR UNIT

AREA WHERE UNIT MAY HAVE RESERVOIR 
POTENTIAL AND NO OIL OR GAS 
PRODUCTION OCCURS

  APPROXIMATE EASTERN LIMIT OF OIL 
FIELDS

. WESTERN LIMIT OF STEEPLY DIPPING 
ROCKS--Rocks mark eastern boundary 
of study area

  HIGH-ANGLE FAULTS IN CENTRAL AND 
EASTERN KENTUCKY

 PINE MOUNTAIN THRUST FAULT--Fault 
narks southeastern boundary of study 
area

Figure 32.--Distribution of oil and gas production from 
Reservoir Units B through F.

33



Producing areas are shaded black. No significant oil and gas fields have 
been discovered in the sandstones and dolomites that constitute Reservoir 
Unit A in the study area. Thus, Unit A is not shown in figure 32. However, 
significant amounts of oil and gas have been produced from all the other 
units at various places. Oil production has occurred west of the dashed 
line drawn through the area from Pennsylvania through Tennessee (fig. 32A). 
Gas production has occurred from different horizons throughout the study 
area.

Scattered production from some of the rocks that constitute Reservoir 
Unit B occurs in central and northern Ohio and in northeastern and central 
Kentucky where this unit lies between about 300 m and 2,500 m below NGVD of 
1929 (fig. 32B). In Ohio, the Knox Group (Patchen and others, 1985a) 
appears to be the important producing horizon, and in Kentucky the important 
producing horizons are the Rose Run Sandstone, the Knox Group (Patchen and 
others, 1985b), the St. Peter Sandstone, and the Trenton Limestone. In 
addition, hydrocarbons have been produced from Reservoir Unit C in about 50 
percent of the study area in Ohio and from a few small fields in 
northeastern Kentucky and west-central West Virginia in the remainder of the 
study area (fig. 32C).

Production of oil and gas is more widespread in Reservoir Unit D than 
in any other unit in the study area (fig. 32D). The largest oil- and gas- 
producing fields are found in Jackson and Kanawha Counties, West Virginia. 
The important producing horizons throughout the study area are found in the 
Huntersville Chert, Oriskany Sandstone, Williamsport Formation, Lockport 
Dolomite, and the Keefer Sandstone.

Oil and gas have been produced from Reservoir Units E and F practically 
everywhere they occur between about 300 and 2,500 m below NGVD of 1929 (fig. 
32). Thus, it appears that oil and gas resources are more abundant in the 
youngest and shallowest units. However, these data in part are biased by 
the fact that the overwhelming amount of exploratory drilling has been 
limited to the shallower rocks to reduce expense and technology 
requirements. Many reserves may be discovered in the deeper parts of the 
basin.

Oil and Gas Wells

The location and number of old and new hydrocarbon exploration and 
development wells throughout the study area is an important factor that must 
be considered when assessing the confinement potential of rocks associated 
with any reservoir unit. Such holes penetrate confining units and, if not 
cased, maintained, or plugged properly, can provide avenues of escape for 
any fluid in the reservoir units. It is very difficult to find data on the 
location and number of the oldest wells in the area because of incomplete 
record keeping during the earliest oil and gas exploration and development 
in the Appalachian Plateaus. This may seriously hamper the use of shallower 
units, at least, for liquid-waste storage. The Geological Survey of the 
appropriate State should be consulted for data on the occurrence and 
distribution of oil and gas reserves and wells as part of any process to 
select specific subsurface sites for liquid-waste disposal.
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Ma.lor Structural Complexities

Just as drilled wells can serve as man-made avenues for fluid escape 
from reservoir rocks, faults and tightly folded, steeply dipping rocks 
exposed at land surface can serve as natural breaches that preclude proper 
confining conditions. In addition, faults and tight folds (separately or in 
combination) can complicate the reservoir-confining unit geometry and make 
it difficult to predict the effect of subsurface fluid injection without a 
great deal of expensive exploratory drilling. The following discussion 
outlines the occurrence and distribution of the major faults and folds in 
the study area.

Thrust faults have been mapped at land surface along the southeastern 
border of the study area (fig. 33). Subsurface thrust faults have been 
mapped and inferred from deep-well and geophysical data east of the dotted 
line (A) drawn on figure 33 from northern West Virginia to southern 
Tennessee (fig. 33, and Bayer, 1982). These thrust faults form an acute 
angle with the horizontal or nearly horizontal rock bedding planes and, 
thus, generally traverse great horizontal distances before they cross any 
significant vertical section of rock. The larger part of their surface area 
is believed to be confined to shales or shaly rocks, and much of the 
movement probably occurred as bedding-plane slippage. Because of their 
nature, the low angle thrust faults probably serve less to breach the 
confining beds and more to distort the rock geometry. On the other hand, 
the high angle faults (D, E, and F, fig. 33) that are mapped in central and 
eastern Kentucky and adjacent parts of West Virginia are nearly vertical and 
cut directly across all the sedimentary rocks. Therefore, the high angle 
faults may act as more efficient conduits than thrust faults for the escape 
of fluids from deep reservoir rocks.

Tightly folded, steeply dipping (rock bedding planes are nearly 
perpendicular to a horizontal plane at land surface) rock is mapped along 
the eastern border of the study area (C, fig. 33) from just north of the 
Pine Mountain overthrust block (G, fig. 33) in southwestern Virginia to 
southwestern Pennsylvania. This folded rock area and the major faulted 
areas are shown on the figures that illustrate the top or thickness of the 
reservoir and confining units.

Seismic Activity

Seismic activity (earthquakes), caused by rock movement along faults to 
relieve stress, is an important factor that must be considered when 
attempting to evaluate the integrity of any potential injection-well 
installation and the confining ability of any rocks subjected to such 
movement. Obviously, the areas most prone to seismic activity should be 
avoided. Figure 34 shows the approximate location of seismic events that 
have occurred in the area from 1776 to present, and table 8 lists the 
location, number, and some intensities of earthquakes that occurred at each 
site (Stover and others 1978c, 1979a, 1979b, 1980a, 1980b, 1981). The areas 
that were free from earthquakes during this time are northwestern Tennessee, 
southwestern and northwestern Kentucky, central and eastern Ohio, central 
and eastern West Virginia, and Garrett County, Maryland. According to
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Figure 33 . Approximate location of major fault and fold structures
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Table 8.--Earthquakes in central and southern parts of the Appalachian Basin a/
V Data for this Ubie were taken from Stover and others {1979*, 1979b, 1979c, 198CU, 

19uOb, 1981).

by JAN-January, FEB-February, MAR-March, APR-Aprtl, AUG-August, SEPT-Sepltn.ber, OCT- 
October, NOV-November, DEC-December.

£/ MM stands for Modified Mercalli Intensity Scale of 1931. Abridged version taken from 
Lessing (1974).

* Number assKjnud by original compiler from available data.

DATE 
YEAR MOW 111

1779 -
1817 DEC
1827 JULY
1834 NOV
1846 MAR
1854 FEB
1854 FEB
1854 FEB
1854 FEB
1883 MAY
1883 MAY
1898 JUNE
1898 JUNE
1954 JAN
1954 JAN
1957 JAN
1958 OCT
1976 JAN

1776 -
1850 OiT
1872 JULY
1886 HAY
1901 MAY
1902 JUNE
1926 NOV
1927 FEB
1928 SEPT
1932 JAN
1940 MAY
1940 JUNE
1940 JULY
1940 AUG
1940 AUG
1952 JUNE
1953 MAY
1967 AHR
1975 FEB

1885 SEPT
19b5 OC1

1824 JULY
1933 JUNE
1957 MAR
1957 MAR
19b5 APR
1967 UlC
I9b9 NOV
1970 AUu
1972 SLI'T
1974 OC[
1976 MAY
1976 JUNE
1976 JULY

1854 NOV
1859 MAR
1921 JULY
1949 StPf
1949 SEPf
1977 OCT

1913 MAR
1918 JUNE
1920 DEC
1948 HB
1967 OCT
1974 JAN
1975 HAY

DAY

12
05
20
23
13
13
13
28
23
23
06
26
01
02
25
23
19

01
23
03
17
14
05
17
09
21
31
16
28
15
19
20
07
08
16

26
08

15
15
07
13
26
16
20
11
12
20
06
19
03

22
22
15
16
17
23

28
22
24
10
18
11
14

County

Russell
do.
do.
do.
do.

Clay
do.
do.

Carrard
Boyd

do.
Madison

do.
Perry
Bell

do.
Pike
Knux

Morgan
Loram

do.
Athens
Vinton
Wash ington
Meicjs
Richland
Lorain
Suiuiil I

do.
Ashland

do.
do.
do.

Perry
do.

Hocking
Gallla

Washington
Fayettc

Wood
MIIUJO
Monongal la

do.
McUowell

do.
Mercer
L incoln
Monongal la
Wood
Monongal la
McOuwcll

do.

Ta/well
do.

Scott
Lee

do.
Russell

Union
Ariderson
Cumberland
Caiupbcl I
Scott
Warren
White

LATITUDE 
(North)

37.0
37.0
37.0
37.0
37.0
37.2
37.2
37.2
37.6
38.4
38.4
37.8
37.8
37.3
36.6
36,6
37.5
36.88

39.6
41.4
41.4
39.5
39.3
39.4
39.1
40.8
41.5
41.1
41.1
40.9
40.9
40.9
40.9
39.72
39.7
3a.64
39.86

40.3
40.1

39.3
37.57
39.6
39.6
37.33
37.3o
37. 45
38.23
39.0
39.09
3'J.O
37. J4
37.32

37.1
37.1
30.6
3b.7
3o.7
3b.97

36.2
36.1
36.0
36.4
36.5
35.7
35.95

MAGNITUDE 
EPICENTER Gutenberg- 

LONG1TUDE DEPTH RicliUr 
(West) (kilometer) Scale

Kentucky

85.0*
85.0*
85.0*
85.0*
85.0*
83.8
83.8*
83.8*
84 . 5
82.6
82.6
84.3
84 . 3
83.2
83.7
83.7
82.5
83.82 005 4.0

Ohio

81.9
82.3
82.1
82.1
82.5
81. 2
82.1
82.5
82.0
81.5
81.5
82.3
82.3
82.3
82.3
82.09 013
82.2"
82.56 007 4.5
62.38 000 4.4

Pennsylvania

80.1*
7-J.7

Uest Virginia

81.5*
U1.97 005
79.9"
7-J.9"
81. bO 005
61. bO 002 3.5
UO.'J3 OU3 4.3
82.05 010
7a.i<*
81.59 Oil
7y.y*
81. bO 001 4.7
81.13 001

Virginia

81.7*
81.5*
82.3
U3.0"
83.0"
U2.04 005

Tennessee

03.7
84.1
85.0
84.1
84.5
85.8*
85.25 005

INTENSITY 
MM cy

.
-
-
V
V*
IV*
IV*
IV*
IV
IV
IV

111III*
IV
VI
IV

-
VI

VI
IV

III
V*
V

IV
VII
IV
V
V

II
IV
HI
111
111
VI
IV
V
IV

111*

IV

III"
111"

 
-

VI
IVIII*
V

IV
V
 

III
IV*
VIII*

IV"
 

VII
IV
V
V"

II
II

38



Algermissen (1969), most of the study area lies in a zone where only minor 
earthquake damage can be expected to occur (fig. 34). Moderate damage can 
be expected along the southeastern border of the area south of the dashed 
line (A) drawn on figure 34, from southern West Virginia to southern 
Tennessee. It must be remembered that these data are historical and, thus, 
are subject to varying precision and accuracy, and they have been collected 
only for a very short period of geologic time. Therefore, these data can be 
used as a guide but cannot be used to predict the exact location, magnitude, 
and intensity of future earthquakes.

At places, a strong, positive correlation exists between seismic 
activity and subsurface liquid injection. Sun (1982) gives a concise review 
of cases and references that support this correlation. In all such cases, 
it appears that the increased pressure in the fluid-filled pores of the 
rock, caused by the liquid injection, triggered impending stress release 
along preexisting faults.

The stresses in the rock associated with one or more known or unknown, 
active or potentially active, faults could be balanced such that only a 
small increase in pore pressure would allow movement along the fault(s). 
Such effects could occur, at least on a local scale, in the study area. 
Raleigh and others (1972) suggest that small-scale injection tests in 
conjuction with seismic studies could be made in the rock and area of 
interest to try to determine whether or not any large-scale waste-injection 
operation would cause seismic activity.

Even though the evidence indicates the study area is subject to 
regional compression, it is highly probable that at least local areas of 
extension occur. With this in mind, it is important to note that Hubbert 
and Will is (1957) predicted, and Wolff and others (1975) demonstrated, that 
vertical hydraulic fractures will develop in areas of extension where the 
well-face injection pressure is raised to about two-thirds of the overburden 
pressure. Raleigh and others (1972) have suggested that small-scale 
hydraulic fracturing tests could be made in the rock and area of interest to 
try to determine (1) the critical well-face injection pressure at which 
hydraulic fractures will occur and (2) the orientation of the resulting 
fractures.

Hydraulic Fractures

Injection of liquids in the subsurface can cause hydraulic fracturing 
of rocks. In fact, this mechanism has been used extensively on a controlled 
basis by oil and gas companies in the Appalachian basin to increase 
permeability and well yield in "tight" oil and gas reservoirs.

From studies of the ages, orientations, and types of faults, and of the 
hydraulic fracturing results in the Appalachian basin, Zoback and Zoback 
(1981) indicate the present study area is now subject to a regional 
compressive stress field with the greatest principal stress axis oriented 
horizontally in a general east-west direction. In addition, they indicate 
the area is characterized by a combination of thrust and strike-slip faults 
that form when the least principal stress axis is oriented vertically and 
horizontally, respectively.
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Potential for the development of vertical hydraulic fractures that can 
breech confining units exists wherever the least principal stress axis is 
oriented in the horizontal plane. The amount of well-face injection 
pressure needed to cause vertical fractures depends on whether the area is 
under compression (maximum principal stress axis is horizontal) or extension 
(maximum principal stress axis is vertical).

SUMMARY AND CONCLUSIONS

The central and southern parts of the Appalachian basin are underlain 
by consolidated sedimentary rocks that range from Cambrian to Permian in age 
and include dolomite, limestone, evaporites, sandstone, siltstone, and 
shale. The collective thickness of these deposits ranges from about 1,500 m 
on the western border of the area to a maximum of about 11,000 m on the 
eastern and northeastern border. The rocks have been folded into a 
northeast-plunging synclinorium so that the younger rocks are exposed at 
land surface in the central and northeastern parts of the area and the older 
rocks crop out in the peripheral and southwestern parts. The rocks are 
deformed by tight folds on the east and northeast boundary, southeastward- 
dipping thrust faults in the southeast, and basement-controlled, high angle 
normal and strike-slip (?) faults in central and eastern Kentucky.

Many of the sedimentary rocks have reservoir and confining 
characteristics that constitute potential for the emplacement and storage of 
liquid waste. Quantification of these characteristics was carried out 
mainly by a study of the rock lithology and the porosity distribution in the 
rocks. A potential waste-storage reservoir environment in these rocks is 
defined as:

A sandstone, dolomite, or limestone layer containing 
nonpotable water that lies between about 300 m and 2,500 
m below NGVD of 1929 and contains at least 7.5 m of rock 
with at least 5-percent porosity within a section no 
more than 75 m thick (potential reservoir interval) and 
is overlain and underlain by at least 30 consecutive 
meters of shale or evaporite or some rock with less than 
5-percent porosity (potential confining beds).

This environment, as defined, was found in rocks that range from 
Cambrian to Mississippian in age. About two-thirds of the potential 
reservoir intervals occur in carbonate rocks and the remainder occur in 
sandstones. The potential reservoir intervals are grouped into six larger 
units called potential-reservoir units (designated A through F, oldest to 
youngest). These reservoir units are separated by seven confining beds 
called potential-confining units (designated basal, A-B, B-C, C-D, D-E, E-F, 
and Above F).

The basal confining unit is composed of Precambrian igneous and 
metamorphic rocks that form the basement on which the younger units were 
deposited. Reservoir Unit A overlies the basal confining unit, is composed 
mainly of sandstone and dolomite, occurs between 300 m and 2,500 m below
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2 NGVD of 1929 over a 77,300 km area, and has an average area-weighted
thickness of 144 m. About 5 percent of the unit was estimated to contain 
defined reservoir porosity. One potential reservoir interval occurs in each 
of the 28 wells where reservoir porosity was identified. The median 
altitude to the top of the potential reservoir intervals within the unit is 
1,260 m below NGVD of 1929, and their median thickness is 23 m. When 
evaluated by interval, the median thicknesses of the reservoir-type zones 
that are found within the intervals have a median value of 2 m, the 
aggregate thicknesses of the zones have a median value of 12 m, the median 
porosities of the zones range from 5 to 16 percent, and the average 
thickness-weighted porosities of the zones have a median value of 8 percent 
(table 5). Unit A is overlain by Confining Unit A-B which has an average 
area-weighted thickness of 217 m.

Reservoir Unit B overlies Confining Unit A-B, is composed mainly of
dolomite, limestone, and sandstone, occurs between 300 m and 2,500 m belowo 
NGVD of 1929 over a 96,400 km area, and has an average area-weighted
thickness of 850 m. About 2 percent of the unit was estimated to contain 
defined reservoir porosity. An average of about 2 potential reservoir 
intervals occur in each of the 43 wells where reservoir porosity was 
identified. Median altitude to the top of the potential reservoir intervals 
within the unit is 1,224 m below NGVD of 1929, and their median thickness is 
82 m. When evaluated by interval, the median thicknesses of the reservoir- 
type zones that are found within the intervals have a median value of 1.2 m, 
the aggregate thicknesses of the zones have a median value of 18 m, the 
median porosities of the zones range from 5 to 12 percent, and the average 
thickness-weighted porosities have a median value of 7 percent (table 5). 
About 85 percent of the reservoir porosity occurs below the Knox 
unconformity on the surface of the Knox Group. Unit B is overlain by 
Confining Unit B-C which has an average area-weighted thickness of 423 m.

Reservoir Unit C overlies Confining Unit B-C, is composed of sandstone,
occurs between 300 m and 2,500 m below NGVD of 1929 over a 81,600 km2 area, 
and has an average area-weighted thickness of 36 m. About 3 percent of the 
unit was estimated to contain defined reservoir porosity. One potential 
reservoir interval occurs in each of the eight wells where reservoir 
porosity was identified. Median altitude of the top of the potential 
reservoir intervals within the unit is 1,582 m below NGVD of 1929, and their 
median thickness is 18 m. When evaluated by interval, the median thickness 
of the reservoir-type zones that are found within the intervals have a 
median value of 4 m, the aggregate thicknesses of the zones have a median 
value of 12 m, the median porosities of the zones range from 5 to 10 
percent, and the average thickness-weighted porosities have a median value 
of 7 percent (table 5). Unit C is overlain by Confining Unit C-D which has 
an average area-weighted thickness of 92 m.

Reservoir Unit D overlies Confining Unit C-D, is composed of dolomite, 
limestone, sandstone, and some interlayered evaporites in the middle part of
the unit, occurs between 300 m and 2,500 m below NGVD of 1929 over a 95,300

2 km area, and has an average area-weighted thickness of 410 m. About 2
percent of the unit was estimated to contain reservoir porosity. At least
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one potential reservoir interval was found in 38 wells and two occurred in 
about half the wells where reservoir porosity was identified. The median 
altitude to the top of the potential reservoir intervals within the unit is 
1,411 m below NGVD of 1929, and their median thickness is 66 m. When 
evaluated by interval, the median thicknesses of the reservoir-type zones 
that are found within the intervals have a median value of 1.2 m, the 
aggregate thicknesses of the zones have a median value of 13 m, the median 
porosities of the zones range from 5 to 12 percent, and the average 
thickness-weighted porosities have a median value of 7 percent (table 5). 
About 52 percent of the reservoir porosity occurs in rocks that lie above 
the evaporite-bearing section, 17 percent within the section, and 31 percent 
below. Unit D is overlain by Confining Unit D-E which has an average area- 
weighted thickness of 838 m.

Reservoir Unit E overlies Confining Unit D-E, is composed of sandstone 
and siltstone, and is separated into a northern and southern part where the 
aggregate thickness of sandstone in the unit is about 8 to 10 m or more.
Collectively, these two parts of the unit occur between 300 m and 2,500 m

pbelow NGVD of 1929 over a 13,700 km area, and have an avergage area- 
weighted thickness of 58 m. About 1.4 percent of the unit was estimated to 
contain reservoir porosity. One potential reservoir interval occurs in each 
of the three key wells where reservoir porosity was identified. The median 
altitude of the top of the potential reservoir intervals is slightly above 
300 m below NGVD of 1929, and their median thickness is 69 m. When 
evaluated by interval, the thicknesses of the reservoir-type zones that are 
found within the intervals have a median value of 1.8 m, the aggregate 
thicknesses of the zones have a median value of 13 m, the median porosities 
of the zones range from 7 to 10 percent, and the average thickness-weighted 
porosities have a median value of 9 percent (table 5). Unit E is overlain 
by Confining Unit E-F which has an average area-weighted thickness of 140 m.

Reservoir Unit F overlies Confining Unit E-F, is composed of sandstone 
and limestone, and occurs in three small areas adjacent to the Pine Mountain
thrust fault that lie between 300 m and 2,500 m below NGVD of 1929 and

2constitute an aggregate surface area of 4,300 km. The average area- 
weighted thickness of the unit is 200 m. About 4 percent of the unit was 
estimated to contain defined reservoir porosity. One potential reservoir 
interval occurs in each of the eight wells where reservoir porosity was 
identified. The median altitude of the top of the potential reservoir 
intervals found in the unit is 388 m below NGVD of 1929, and their median 
thickness is 59 m. When evaluated by interval, the median thicknesses of 
the reservoir-type zones that are found within the intervals have a median 
value of 1.7 m, the aggregate thicknesses of the zones have a median value 
of 12 m, the median porosities of the zones range from 5 to 10 percent, and 
the average thickness-weighted porosities have a median value of 5 percent 
(table 5). The confining unit that overlies Unit F has an average area- 
weighted thickness of about 50 m.

When all the unit factors listed above are catagorized into physical, 
economic, and safety characteristics, and the regional reservoir potential 
of the units is ranked according to these attributes, the resulting unit 
order from greatest reservoir potential to least is A, B, E, D, F, and C.
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Other important factors that must be considered when assessing liquid 
waste-storage potential include: (1) the occurrence and distribution of 
valuable resources, particularly oil and gas; (2) the density and 
distribution of oil and gas wells; (3) the distribution of major structural 
complexities such as tight folding and faulting; (4) the distribution of 
seismic activity; and (5) the potential for the development of 
hydraulically induced fractures. These factors, separately or in 
combination, generally can decrease the potential for waste storage and 
knowledge of their influence will be required when selecting any specific 
subsurface site to be considered for injection and storage of liquid wastes.

Oil and gas resources occur at various horizons in the study area. 
Significant amounts of oil and gas have been produced from about 5, 30, 10, 
90, and 90 percent of the areas where units B, C, D, E, and F, respectively, 
occur between about 300 m and 2,500 m below NGVD of 1929. The occurrence of 
these resources appears to be most common in the younger, shallower units. 
However, this may result from the fact that most of the exploratory and 
development drilling has been limited to the shallower units. Detailed 
information on the distribution of oil and gas production and exploratory 
wells can be obtained from the pertinent State Geological Surveys.

Steeply dipping rocks and thrust faults occur in the eastern part of 
the area, high-angle faults occur in central and eastern Kentucky, and 
seismic events have occurred in each State in the study area. Accordingly, 
when deep-well, liquid-waste injection is proposed or planned, pilot tests 
may be needed to help determine whether or not tectonic stress in any 
particular area and rock is such that increased pore pressure caused by 
fluid injection will trigger earthquakes. Pilot tests also may be made to 
help determine the critical well-face injection pressure at which hydraulic 
fracturing occurs and to determine the orientation of the resulting 
fractures.
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BASIC DATA

This section contains tables that display data for the key wells that 
were used for the descriptions and interpretations found in this report.
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Table I.- Record of key wells

Well number; The number is that assigned to identify the well in the study 
area (see fig. 2 for well location).

Well name: The operator and land owner names and identification number 
are given for each well.

Coordinate location; Location is given in degrees (°), minutes ('), and 
seconds (") of Latitude (Lat.) north of the equator, and Longitude (Long.) 
west of the meridian that passes through the earth poles and Greenwich, 
England.

Elevation of GL; GL stands for ground level and the value is given in meters (m) 
above the National Geodetic Vertical Datum of 1929 (NGVD of 1929).

Total depth; The total depth of the well is given in meters (m) below
ground level.

t*

Deepest stratigraphic penetration: The alphabetical letters stand for the 
rock system and series that was found in the well at total depth. 
Precambrian (Pre-6); Cambrian (  ), Ordovician (0), Silurian (S), Devonian 
(D), Mississippian (M) represent the Paleozoic rock systems. Lower (L), 
Middle (M), and Upper (U) represent the divisions of the systems or series 
and prefix the system letters.

Data source: Geophysical logs (G), lithologic or sample or core 
descriptions or logs (L), and the appropriate State Geological Survey oil 
and gas well files (SF).

Reservoir unit tops and thicknesses: Depth to top is in meters below and above 
(-) NGVD of 1929; WNDE - Well not depp enough; NPAR - Not present as a reservoir; 
UTS - Unit too shallow; UTD - Unit too deep; UTSOA - "Unit too shallow or absent; 
ND - No data; PD - Poor data; "? " - Questionable; 'V - Well not deep enough to 
fully penetrate unit; "  " - No determination made; FR - Fault repeated.

Remarks; QWC - Water quality calculated from geophysical logs; QW-DST - 
Water quality data from State Geological Survey files on analyses made on 
samples collected during drill stem tests; S - Well included in cross 
sections(s).
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Table 3.   Some characteristics of potential reservoir intervals, individual 
porous z Q n£^^dJ^tjJ^JlJ}_£Qnfining potential in
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selected key wells.

\T\eA as potential reservoir interval mainly where top of unit   
, interval occurs between about 300 and 3,600 meters bdou) the

other \V
b,J?c£kiu^
c. N; number 
d. M:_
e.

number

. ^ ^ | " *^ ^ X* *^^^ ^ **^ f " " * * " ^*-   «^  M'^MK 1*^ 1^^ 1 I I \V

... Vertical Patum of l9a9fN6VQ of 19^9). Data on 
s shovon^'or companson purposes.

a. 
{2

PcfVa-ft>r \ruiiv i4ua\ rones Wrtt\ e.^lt'mate4 
roc^ poros'ity e*iAa\To or^recrttr-fhAn 5 
percent w\tVn"^fh-e in4 t'caie4 infe'fv)^.

J>oivor»qv\- -^or T->sttr

<J Thickness of 
ind\vi4u«\
zones \r 
mders

M

zones m

c 
NT

DqTq -(V ^ck With con- 
 f \ 'n i n A potfentYa I "\1f\at ( yes

w 1tit in3icatc4 interval .
Above

Roc*. Rock

orosiifV

370

9LH5

^30

Ml:

3J3 
3B8_

! 515

EO¥E

55

LS

n
19 L5

IS

19
JL

a*

"T

^5.

t>.

31 jib-4c
6

13
10

14- 
17 

.11. 
B

E.E. 
5-6
L-Il.

E5T VlR&rK

JUJ 11 r
5-7 "5

G:

5LTIS B5

31 LS
[toll

BP

NIA.
5-t

5^ 
fe-15

"5"
5"

8"10"

13,5LT
Li;5S

5T LS
tt.SL!

5
5

53 SHSU i5P
133

TH

G



Table 3. Some characteristics of potential reservoir intervals, individual
porous zones_ajid rock with confining potential in

selected key wells continued.
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Table 3. Some characteristics of potential reservoir intervals, individual
porous zones and rock with confining potential in

selected key wells continued.
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Table 3. Some characteristics of potential reservoir intervals, individual
porous zones and rock with confining potential in

selected key wells continued.
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Table 3."Some characteristics of potential reservoir intervals, individual
porous zones arid roc~k~wiTh confining po'fentialln

selecfed key wells continued.
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Table 3. Some characteristics of potential reservoir intervals, individual
porous zones and rock with confining potential in

selected key wells continued.
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Table 3. Some characteristics of potential reservoir intervals, individual
porous zones and rock with confining potential in

selected key wells continued.
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Table 3. Some characteristics of potential reservoir intervals, individual
porous zones and rock with confining potential in

selected key wells continued.
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Table 3. Some characteristics of potential reservoir intervals, individual
porous zones and rock with confining potential in

selected key wells continued.
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Table 3. Some characteristics of potential reservoir intervals, individual
porous zones and rock with confining potential in

selected key wells continued.
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Table 3.  Some characteristics of potential reservoir intervals, individual
porous zones__and_rock with confining potervtiaTTn

selected key wells continued.
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